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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

Brewer Lake is a small deep reservoir on the RushkrRnd is located in Cass County
approximately one mile south and one mile westrad,BNorth Dakota. Built in 1970, Brewer
Lake was constructed for the purpose of water aticne.

The Brewer Lake watershed consists of 6,107 adréseanost fertile land in the Red River
Valley and is located in Cass Couniyne Brewer Lake watershed lies within two ecoregitire
Northern Glaciated Plains ecoregion (46i); whickharacterized by a flat to gently rolling
landscape composed of glacial drift and (48a) tleei@ Lake Agassiz Basin which is extremely
flat with thick lacustrine sediments underlain Bgaal till. The subhumid climate fosters a
grassland, transitional between the tall and shasgyprairie. The historic tall grass prairie has
been replaced by intensive agriculture. Thoughsthkeis very fertile, agricultural success is
subject to annual climatic fluctuations. Table insuarizes some of the geographical,
hydrological, and physical characteristics of Brewake and its watershed.

Table 1. General Characteristics of Brewer Lake andts Watershed.

Legal Name Brewer Lake

Major Drainage Basin Rush River Basin

Nearest Municipality Erie, North Dakota
Assessment Unit ID ND-09020204-003-L_00
County Location Cass County, North Dakota

Physiographic Region Glacial Lake Agassiz Basin and Northern GlaciatkdnB

Latitude 47.09641

Longitude -97.40907

Surface Area 124 acres

Watershed Area 6,107 acres

Average Depth 12.6 feet

Maximum Depth 31.2 feet

Volume 1,583.4 acre-feet
Tributaries Rush River

Type of Waterbody Recreational Impoundment
Dam Type Earthen Dam

Bluegill, Crappie, Largemouth Bass, Smallmouth Bas
Fishery Type and Walleye

"2
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Figure 1. North Dakota Game and Fish Contour Map 6Brewer Lake.
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Figure 2. General Location of Brewer Lake and the Bewer Lake Watershed.

1.1 Clean Water Act Section 303(d) Listing Informaibn

As part of the Clean Water Act section 303(d) igtprocess, the North Dakota Department
of Health has identified Brewer Lake as an impaikederbody (Table 2). Based on a
Trophic State Index (TSI) score, aquatic life aeckeation uses of Brewer Lake are
impaired.Aquatic life is listed as impaired due to nutriersisdimentation, and low dissolved
oxygen. Recreational use is impaired due to nusi®&orth Dakota’s Section 303(d) list did
not provide any potential sources of these impaitsieAs reflected in its title, this TMDL
report only addresses the nutrient impairmentadpratic life and recreation use and the low
dissolved oxygen impairment for aquatic life uSediment remains as a Section 303(d)
TMDL listed pollutant threatening aquatic life us€urrently, there are not adequate data
available to address the sediment TMDL listing. aéiglitional monitoring data become
available (e.g., through a Section 319 Watershqaldmentation and Lake Restoration
Project) a TMDL (or de-listing justification) wibbe prepared to address this pollutant.

Brewer Lake has been classified as a Class 2 catdrdishery, “capable of supporting
natural reproduction and growth of cool water fskiee. walleye and northern pike) and
associated aquatic biota and marginal growth andvaul of cold water species and
associated biota” (NDDoH, 2006).

The fishery that was initially established withivetreservoir in 1970 consisted of rainbow
trout with plans of developing a secondary wallBgkery. The walleye fishery improved
each year while the trout fishery declined dueadb kills and potential inferior stock.
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Subsequent stockings have included rainbow troalleye, and largemouth bass. In 1991,
test netting results showed the fish communityloégills, smallmouth bass, and walleye.

Table 2. Brewer Lake Section 303(d) Listing Informéon (NDDH, 2004).

Assessment Unit I ND-09020204-003-L_00
Waterbody Name Brewer Lake
Class 2-Cool-water fishery
Fish and Other Aquatic Biota (fully supporting Ibateatened)
Impaired Uses Recreation (fully supporting but threatened)
Cause! Nutrients, Dissolved Oxygen, Sedimentation
Priority High
First Appeared on 303(d) lis {1998

1.2 Topography

The topography of Cass County is characterizedsbgssociation with two

physiographic regions. The eastern seventy fivegue of the county is contained in the
Lake Agassiz Plain while the remaining one foudltsfwithin the Drift Prairie. The

Lake Agassiz Plain is comprised of the Sheyennéalld beach ridge of glacial Lake
Agassiz. Local relief in Cass County ranges fre@05eet. Western Cass County lies
within the glaciated plain which is interrupted ypbly minor glacial landforms and

stream valleys. Land surfaces vary from rollingnéarly flat. Relief ranges from 10-20
feet per mile but can rise to as much as 40 fesbime areas. Soils in Cass County range
from silty to clayey in texture. Most have hightesatables and are very productive.
Common soil series are Bearden, Hegne, Glyndom, Bargo, Gardena, Embden, Ryan.
These soils are deep, well to poorly drained witidarately slow permeability. Figure 3
shows the hydrological soil classification map @is€ County.

1.3 Land Use/Land Cover

Land use in the Brewer Lake watershed is primagsicultural (86%). Approximately
81% of the land is active cropland with the oth@¥alin low density urban development,
haylands, pasture, water, or in the conservatiserve program (CRP). The majority of
the crops grown consist of wheat, soybean, dry §iearn and sunflowers (Figure 4).
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Group A: Soils having a low runoff potential due to high infiltration rates. These soils consist primarily of deep,
A well-drained sands and gravels
- B Group B: Soils having a moderately low runoff potential due to moderate infiltration rates. These soils consist
primarily of moderately deep to deep, moderately well to well-drained soils with moderately fine to
maderately coarse textures.
Group C: Soils having a moderately high runoff petential due to slow infiltration rates. These soils consist
primarily of soils in which a layer exists near the surface that impedes the downward movement of water or scils
C with moderately fine to fine texture.
Group D: Soils having a high runoff potential due to very slow infiltration rates. These soils consist primarily of
cD clays with high swelling potential, soils with permanently high water tables, soils with a claypan or clay 0 2 4 6
layer at or near the surface and shallow soils over nearly impervious parent material.
Miles
- D Dual hydralogic groups: A/D, B/D, and C/D, are given for certain wet soils that can be adequately drained. The
first letter applies to the drained condition, the second to the undrained. Only soils that are rated D in their
N/A natural condition are assigned to dual classes. Soils may be assigned to dual groups if drainage is feasible and
practical
Water NiA: Soils not classified
[EATE /43 P0G Source: USDA, NRCS Sail Data Mart
e colls Mg

Figure 3. Hydrologic Soil Classification for Cas€ounty. Courtesy of the Natural
Resource Conservation Service (NRCS) 2006.
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Figure 4. Cropland and Landuse of the Brewer Lak&Vatershed National Agricultural Statistics
Service (NASS) 2005.

1.4 Climate and Precipitation

Cass County has a subhumid climate characterizephitgy warm summers with frequent
hot days and occasional cool days. Winters ang a@d influenced by blasts of arctic
air surging over the area. Average temperatumggerérom 20° F in winter to 68° F in
summer. Precipitation occurs primarily during term period and is normally heavy in
later spring and early summer. Total average anpregipitation for Cass County is
about 16 inches. About 12 inches or 80 percemdioffalls between April and
September. Average seasonal snowfall is approgimai inches. Winds prevail
generally from the north at an annual average wpekd of 14 mph. Figure 5 and 6
shows the annual precipitation and temperatur€éms County from 1996-2006.
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Figure 5. Total Annual Precipitation at Galesburg,North Dakota from 1996-2006. North
Dakota Agricultural Weather Network (NDAWN).
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Figure 6. Average Annual Temperature at GalesburgNorth Dakota from 1996-2006.
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1.5 Available Water Quality Data

1.5.1 1991-1992 Lake Water Quality Assessment Broje

A Lake Water Quality Assessment Project (LWQA) warducted on Brewer Lake in
1991-1992. Two samples were collected in the sun@h&991 and once during the
winter of 1992. Samples were collected at onelsdated in the deepest area of the lake
(381010). During summer sampling in July and Augdid991 Brewer Lake was
thermally stratified at 7 and 1 meters respectivélyssolved oxygen concentration
during this time period indicated saturation aeptth of 1 meter and falling to 1.0 mg L
or less at the bottom of the lake. Winter sampimgebruary of 1992 showed no
thermal stratification and dissolved oxygen congitns ranging from 9.2 mglat the
surface to 1mg t near the bottom.

The 1991-1992 LWQA Project characterized BrewerdLak having a volume weighted
mean concentration of total phosphate as phosplodiid88 mg [, which exceeded
the State’s target concentration of 0.02 migduring all sampling occasions. Nitrate +
Nitrite as nitrogen exhibited a volume weighted meancentration of 0.100 mg'L
According to State standards, this is below thgeaconcentration of 0.25 mg'LOther
sample parameters and average volume weighted coeaentrations are provided in
Table 3. A volume-weighted mean was calculatedguaistratified sampling technique
to describe the general chemical characteristiteofeservoir. The volume-weighted
mean was calculated by weighting the parameteyaedlby the percentage of water
volume represented at each depth interval.

Trophic status was also determined using the veptality data collected during the
LWQA project. Brewer Lake was identified as beimgpereutrophic. This was
determined based on summer total phosphate as Ipdrospconcentrations and secchi
disk transparency. Total phosphate concentratisesaged 0.199 mgiand secchi disk
transparency averaged 1.0 meter.

Table 3. Data Summary for Brewer Lake’s Lake WaterQuality Assessment (1991-

1992).
Lake Water Quality Assessmen
Parameter Units (1991-1992
Max Median Avg Min

Total Phosphorus mg']L 1.23 0.18f 0.34D 0.1096
Dissolved Phosphorus mglL 1.23 0.127 0.31p 0.093
Total Nitrogen mg t 4.89 0.192 0.95B 0.011
Total Kjeldahl Nitrogen | mg = 5.94 2.2/ 2.7p 1.41
Nitrate/Nitrite mg L 0.377 0.011 0.082 0

1.5.2 2004-2005 Brewer Lake TMDL Project

The Cass County Soil Conservation District (SCDydrected a water quality assessment
of Brewer Lake and its watershed from April 2004ctober 2005.Sampling was done
on three inlet sites (385305, 385306, and 38531 ,outlet site (385304), and one
reservoir sites (381010) on Brewer Lake and accoryipg watershed. Sites are
identified in Table 4, and Figures 7 and 8.
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Stream Monitoring

Sampling frequency for the stream sampling sites stiaatified to coincide with the
typical hydrograph for the region. This samplirgsidn resulted in more frequent
samples during spring and early summer, typicatemstream discharge is greatest and
less frequent samples during the summer and &&impling was discontinued during the
winter during ice cover. Sampling was also terrtedaf the stream stopped flowing. If
the stream should begin flow again, water quabtygling was reinitiated.

Lake Monitoring

In order to accurately account for temporal v#@rain lake water quality, the lake was
sampled twice per month during the open water seasd monthly under ice cover

conditions.

Table 4. General Information for Water Sampling Stes for Brewer Lake.

Dates Sampled

Sample Site Site ID Start End Latitude Longitude

Stream Sites
Outlet 385304 | 05/06/2004 10/31/2005 47.09641 -3B070
South West Inlet 385304 06/03/2004 07/07/2005 9E7Q -97.43854
West Inlet 385306| 06/03/2004 10/31/2005 47.09486 7.4B245
North West Inlet 385307| 05/25/2004 10/31/2Q005 49110| -97.45071

Lake Sites

Deepest 381010, 04/28/2004 09/22/2005 47.09Y78 19861

The Cass County SCD followed the methodology forewguality sampling found in the
QAPP Quality Assurance Project Plan for the Brekake TMDL Project. (NDDoH,
2004) Sampling and analysis variables are showrabie 5.
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Figure 7. Stream Sampling Sites for Brewer Lake.

Figure 8. Lake Sampling Sites for Brewer Lake.
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Table 5. Brewer Lake Sampling and Analysis Paramets.

Field Measurements

General Chemical Variables

NutrienVariables

Biological Variables

Secchi Disk Transparency
Temperature
Dissolved Oxygen

Lab pH
Lab Specific Conductance
Major Anions & Cations

Total Phosphorus
Dissolved Plursph
Total Nitroge

Gphyil-a
Phytoplankton

Total Suspended Solids Total Kjeldahl Nitrogen
Nitrate plus Nitrite Nitrogen
Ammonia Nitrogen

1.5.3 pH and Nutrient Data

Surface water quality parameters were monitoregr@wer Lake at one site between
April 2004 and October 2005A data summary table for this site is summarizedable
6. Laboratory pH measurements ranged from 7.46 to8iB6a geometric mean of
8.54. All pH measurements were within the stateewquality standard of 6 to 9. The
data shows average total phosphorus and dissoh@spporus concentration values for
this site are at 0.162 mg‘land 0.100 mg £. Total Kjeldahl nitrogen and nitrate/nitrite
values are 0.930 mg'iand 0.090 mgt. Total nitrogen had a value of 1.018 mg.L

Table 6. Data Summary for Brewer Lake TMDL Projed 2004-2005.

e Deepest Site (381010)
N Max Mediar Avg Min
Total Phosphorus (mg) 25 1.24 0.116 0.142 0.013
Dissolved Phosphorus (mg-L 26| 0.504 0.071L 0.1q0 0.004
Total Nitrogen (mg [) 25 1.96 0.928 1.018 0.6%3
Total Kjeldahl Nitrogen (mg £) | 25 1.94 0.8Y 0.930 0.%5
Nitrate/Nitrite (mg L) 25 0.94 0.04 0.090  0.02
Lab pH 26 8.86 8.49  8.54* 7.46
Chlorophyll-a (ug/L) 25 4311 5[7 11.67 15

*Expressed as the geometric mean

Nutrient concentrations from Brewer Lake in 20002@an be compared to data
collected from the 1991-1992 Lake Water Quality@sssnent.Nutrient concentrations
reported for the 2004-2005 TMDL Project were lodartotal phosphorus, dissolved
phosphorus, total nitrogen and total Kjeldahl rggo but higher for nitrate/nitrite (Tables
3 and 6).

1.5.4 Dissolved Oxygen and Temperature

Dissolved oxygen and temperature were monitordgré@wer Lake from April 2004 thru
October 2005 at the deepest site (381010). Bréalee demonstrated strong
stratification on July 21, 2004. Stratificationcocred at 3, 4 and 8 meters respectively.
Dissolved oxygen levels at that time ranged frogBg L* at 1-meter and falling to
0.05 mg L' at the bottom. Brewer Lake also experiences giriweak thermal
stratification during the hottest times of the suenifJune-August) and once in the winter
(February) (Figures 9 and 11).

Dissolved oxygen concentrations dropped below theeS minimum standard
concentration of 5.0 mgtat varying depths throughout the year. The mideviand the
hot summer months appear to be the most criticed period for maintaining dissolved
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oxygen concentrations. Concentrations dropped b#ievBtate standard of 5.0 mg &t

a depth of approximately 6 meters at the deepisasd continued to a depth of 8 meters
during January and February 2005. During the sunmuosths of July thru August
dissolved oxygen concentrations began to fall betms.0 mg [* standard at a depth of
5 meters to the bottom 8 meters during 2004 an&.2E0gure 10 and 12).
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Figure 11. Summary of Temperature Data for the Brever Lake Deepest Site (381010) for
2005.
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1.5.5 Secchi Disk In-Lake and Total SuspendeddSoli

Secchi disk depth data was collected by the Casst@&CD staff between April 2004
and October 2005. As shown in Table 7 secchi degpipear to be greatest in May with
values ranging from 2.25-4.00 meters. As summetimoes secchi depth appears to
decrease to its lowest depths in August with valaeging 1.00-1.75 meters, and then
rebounding in October and November. Available dadécates a rise in trophic

Final: September 2008

condition during the warmest and most productivéogeof the year.

Table 7. Summary of Secchi Depths in Brewer Lake2004-2005).

Deepest Site (381010)

Average Average Average Average Average

Date Secchi Date Secchi Date Secchi Date Secchi Date Secchi
4/28/2004 2.7C 8/5/2004 1.7 | 12/28/2004 no sampl | 5/8/2005 2.7t 7/19/2005 1.5C
5/27/2004 4.0C 8/19/2004 1.2t 1/31/2005 no sampl | 5/26/2005 2.2t 8/5/2005 1.2t
6/22/2004 1.7% 9/22/2004 1.7¢ 2/24/2005 no sampl | 6/9/2005 3.5C 8/30/2005 1.0C
718/2004 2.7t |##HHAHHHE 3.7F 4/14/2005 1.7¢ 6/22/2005 2.7t 9/22/2005 1.2t
7/21/2004  3.0C |##HH#H##H##  3.50 4/27/2005  3.2°F 7/7/2005 1.7t | 10/19/2005 1.7¢

1.5.6 Tributary Total Suspended Solids

Total suspended solids (TSS) samples were colldstede Cass County SCD staff

between May 2004 and October 2005. TSS samples eaiected from the northwest,
west, and southwest inlets and from the outlebhéoréservoir.Average TSS
concentrations at the northwest inlet were 15.5.Mgl8.6 mg L* at the west inlet site,
6.9 mg L* for the southwest intlet, and 9.8 mgfrom the outlet (Table 8).

Table 8. Average Total Suspended Solids Concentrans for the Brewer Lake
Tributary and Outlet Sites (2004-2005).

Site ID # Sample: |[Site Descriptior Average TSS (mg L-1
385304 52 Outlet 9.81
385305 22 Southwest Tributary 6.86
385306 38 West Tributary 18.65
385307 50 Northwest Tributary 15.50

Storage 31.20

2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximumhpabads (TMDLSs) be developed for
waters on a state's Section 303(d) list. A TMDdedined as “the sum of the individual
wasteload allocations for point sources and lo&mtations for nonpoint sources and natural
background” such that the capacity of the waterltodssimilate pollutant loadings is not
exceeded. The purpose of a TMDL is to identifypb#utant load reductions or other actions
that should be taken so that impaired waters wilhble to attain water quality standards.
TMDLs are required to be developed with seasonaatrans and must include a margin of
safety that addresses the uncertainty in the asalgeparate TMDLs are required to address
each pollutant or cause of impairment (i.e., natggsediment).
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2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set tiseravater quality standards, which
apply to all surface waters in the state. The miagatandards pertaining to nutrient
impairments are listed below (NDDH, 2006).

- All waters of the state shall be free from subs&s attributable to municipal, industrial,
or other discharges or agricultural practices incemtrations or combinations which are
toxic or harmful to humans, animals, plants, ordest aquatic biota.

- No discharge of pollutants, which alone or in @amation with other substances shall:
1) Cause a public health hazard or injury to environtaleresources;
2) Impair existing or reasonable beneficial uses efréteiving waters; or
3) Directly or indirectly cause concentrations of ptdints to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDD@d ket a biological goal for all surface
waters in the state. The goal states that “theogio&l condition of surface waters shall
be similar to that of sites or waterbodies deteadihy the department to be regional
reference sites,” (NDDoH, 2006)

2.2 Numeric Water Quality Standards

Brewer Lake is classified as a Class 2 cool wiadbery. Class 2 fisheries are defined as
waterbodies “capable of supporting natural repetidn and growth of cool water fishes
(i.e. walleye and northern pike) and associatectc| biota and marginal growth and
survival of cold water species and associatedhbi®DDoH, 2006). All classified lakes
in North Dakota are assigned aquatic life, recoeairrigation, livestock watering, and
wildlife beneficial uses. The North Dakota Stétater Quality Standards state that lakes
shall use the same numeric criteria as Classarss. This includes the state standard
for dissolved oxygen of 5 mg'ias a daily minimum (up to 10% of representative
samples collected during any three year period lealgss than this value provided that
lethal conditions are avoided). State standaydtakes and reservoirs also specify
guidelines for nitrogen 1.0 mg'Las nitrate (up to 10% of samples may exceed) €Tabl
9).
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Table 9. Numeric Standards Applicable for North Dalota Lakes and Reservoirs
(NDDoH , 2006).

|Parameter Guidelines Limit
Guidelines for Classified Lakes

Nitrates (dissolved) 1.0 mg L Maximum allowed

Dissolved Oxygen 5mg L* Daily minimunf

Guidelines for goals in a lake improvement or nmamaince program

NO; as N 0.25 mg L* Goal

PO, as P 0.02 mg L Goal

1“Up to 10% of samples may exceed”

3Up to 10% of representative samples collected durig any three year period may be less than this vaduprovided that lethal
conditions are avoided.”

3.0 TMDL TARGETS

A TMDL target is the value that is measured to pitlye success of the TMDL effort. TMDL
targets should be based on state water qualitgatds, but can also include site-specific values
when no numeric criteria are specified in the staddThe following sections summarize water
quality targets for Brewer Lake based on its baemafuses. If the specific target is met, it is
assumed the reservoir will meet the applicable mgueality standards, including its designated
beneficial uses.

3.1 Nutrient Target

North Dakota’s 2004 Integrated Section 305(b) W&teality Assessment Report
indicates that Carlson’s Trophic State Index (TiSthe primary indicator used to assess
beneficial uses of the State’s lakes and reser¢NidDoH, 2008). Trophic State is the
measure of productivity of a lake or reservoir andirectly related to the level of
nutrients (phosphorus and nitrogen) entering tke ta reservoir from its watershed.
Lakes tend to become eutrophic (more productivé) higher nitrogen and phosphorus
inputs. Eutrophic lakes often have nuisance dgaims, limited water clarity, and low
dissolved oxygen concentrations that can resuthpaired aquatic life and recreational
uses. Carlson’s TSI attempts to measure the tragthte of a lake using nitrogen,
phosphorus, chlorophyll-a, and Secchi disk depthsueements (Carlson, 1977).

Based on Carlson’s TSI and water quality data ctald between April 2004 and October
2005, Brewer Lake was generally assessed as gbidro hypereutrophic lake (Table
10). Hypereutrophic lakes are characterized by large/thr® of weeds, bluegreen algal
blooms, and low dissolved oxygen concentrationsese€ lakes experience frequent fish
kills and are generally characterized as havingssige rough fish populations (carp,
bullhead, sucker) and poor sport fisheries. Bezafishe frequent algal blooms and
excessive weed growth, these lakes are also uabésiior recreational uses such as
swimming and boating.
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Table 10. Carlson’s Trophic State Indices for Brewr Lake.

TSI Trophic
Parameter Relationship Units Value Status
Chlorophyll-a TSI (Chl-a) = 30.6 + 9.81[In(Chl-a)] | pg/L 55.69 Eutrophic
Total Phosphorus (TP) TSI (TP) = 4.15 + 14.42[(R)]T ug/L 75.00 Hypereutrophic
Secchi Depth (SD) TSI (SD) = 60 - 14.41[In(SD)] arst 48.00 Mesotrophic
Total Nitrogen (TN) TSI (TN) = 54.45 + 14.43[In(TN) mg/L 64.33 Eutrophic

TSI < 25 - Oligotrophic (least productive)

TSI 50-75 Eutrophic

TSI 8B6-Mesotrophic

TSI > 75 - Hypereutrophicoghproductive)

The reasons for the different TSI values estiméde@rewer Lake are varied.

According to the phosphorus TSI value, Brewer Ligkan extremely productive lake
(hypereutrophic) (Figure 13). Carlson and Simpd®96) suggest that if the phosphorus
and secchi depth TSI values are relatively sina@lad higher than the chlorophyll-a TSI
value, then dissolved color or nonalgal particidateminate light attenuation. It follows
that, as is the case with Brewer Lake, if the sedepth and chlorophyll-a TSI values are
similar, then chlorophyll-a is dominating lightextuation (Table 11). Carlson and
Simpson (1996) also state that a nitrogen indexevalight be a more universally
applicable nutrient index than a phosphorus inBekjt also means that a
correspondence of the nitrogen index with the dpbyll-a index cannot be used to

indicate nitrogen limitation.

Table 11. Relationships Between TSI Variables an@onditions.

Relationship Between TSI
Variables

Conditions

TSI(Chl) = TSI(TP) = TSI(SD)

Algae dominate lightenuation; TN/TP ~ 33:1

TSI(Chl) > TSI(SD)

Large particulates, suchfgshanizomenoflakes, dominate

TSI(TP) = TSI(SD) > TSI(CHL)

Non-algal particulatescolor dominate light attenuation

TSI(SD) = TSI(CHL) > TSI(TP)

Phosphorus limits dlggomass (TN/TP >33:1)

TSI(TP) >TSI(CHL) = TSI(SD)

Algae dominate light attenuation but some factahsas
nitrogen limitation, zooplankton grazing or toxlgsit algal

biomass.
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Figure 13. Temporal Distribution of Carlson's Trophic Status Index Scores for Brewer

Lake.

A Carlson’s TSI target of 65 based on total phospfievas chosen for the Brewer Lake
endpoint. While this will not bring concentrations of totdi@sphorus to the NDDoH
State Water Quality Standard guideline for lake®Z0ng L), it should result in a
change of trophic status for the lake from hypewopltic down to eutrophic during all
times of the year. Given the size of the lake ptubable amount of phosphorus in
bottom sediments, nearly constant wind in North@alcausing a mixing effect, and few
cost efficient ways to reduce in-lake nutrient aygl this was determined to be the best
possible outcome for the reservdirthe specified TMDL TSI target of 65 based oratot
phosphorus is met, the reservoir can be expectetkat the applicable water quality
standards for aquatic life and recreational beraficses.

3.2 Dissolved Oxygen Target

The North Dakota State Water Quality Standard fssaved oxygen is “5.0 mgtas a
daily minimum (up to 10% of representative samplaiected during any three year
period may be less than this value provided thhtleconditions are avoided)” and will

be the dissolved oxygen target for Brewer Lake.

4.0 SIGNIFICANT SOURCES

There are no known point sources upstream of Bréake. The pollutants of concern

originated from non-point sources.
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5.0 TECHNICAL ANALYSIS

Establishing a relationship between in-stream waiattity targets and pollutant source loading
is a critical component of TMDL development. Id&nihg the cause-and-effect relationship
between pollutant loads and the water quality respas necessary to evaluate the loading
capacity of the receiving waterbodies. The loadiapacity is the amount of a pollutant that can
be assimilated by the waterbody while still attaghand maintaining water quality standards.
This section discusses the technical analysis tesedtimate existing loads to Brewer Lake and
the predicted trophic response of the reservaieductions in loading capacity.

5.1 Tributary Load Analysis

To facilitate the analysis and reduction of tribytenflow and outflow water quality and
flow data the FLUX program was employed. The FLUXgram, also developed by the
US Corps of Engineers Waterways Experiment Stdiidalker, 1996), uses six
calculation techniques to estimate the average diaskarge or loading that passes
through a given river or stream site. FLUX estisdt@adings based on grab sample
chemical concentrations and the continuous daily flecord. Load is therefore defined
as the mass of a pollutant during a given timeqggkfe.g., hour, day, month, season,
year). The FLUX program allows the user, throughotss iterations, to select the most
appropriate load calculation technique and datdiBtation scheme, either by flow or
date, which will give a load estimate with the st statistical error, as represented by
the coefficient of variation. Output from the FLUpXogram is then provided as an input
file to calibrate the BATHTUB eutrophication resgemmodel. For a complete
description of the FLUX program the reader is nefdito Walker (1996).

5.2 BATHTUB Trophic Response Model

The BATHTUB model (Walker, 1996) was used to predind evaluate the effects of
various nutrient load reduction scenarios on Brelvade. BATHTUB performs steady-
state water and nutrient balance calculationsspadially segmented hydraulic network.
The model accounts for advective and diffusivedpamt and nutrient sedimentation.
Eutrophication related water quality conditions predicted using empirical
relationships previously developed and testeddsenvoir applications.

The BATHTUB model is developed in three phasese flist two phases involve the
analysis and reduction of the tributary and in-laleger quality data. The third phase
involves model calibration. In the data reductudrase, the in-lake and tributary
monitoring data collected as part of the projeatersimmarized in a format which can
serve as inputs to the model.

The tributary data were analyzed and reduced b¥ X program. FLUX uses
tributary inflow and outflow water quality and floslata to estimate average mass
discharge or loading that passes a river or stgtmusing six calculation techniques.
Load is therefore defined as the mass of a poltudanng a given unit of time. In the
case of Brewer Lake, the FLUX program came up waittannual phosphorus load of
203.3 kg/yr. The FLUX model then allows the usepittk the most appropriate load
calculation technique with the smallest statisterabr. Output for the FLUX program is
then used to calibrate the BATHTUB model.
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The reservoir data were reduced in Excel usingetbmanputational functions. These
include: 1) the ability to display concentratiassa function of depth, location, or date;
2) summary statistics (mean, median, etc.); armh3)valuation of trophic status. The
output data from the Excel program were then usexlibrate the BATHTUB model.

When the input data from FLUX and Excel progranesertered into the BATHTUB
model the user has the ability to compare predictediitions (model output) to actual
conditions using general rates and factors. Th&@ BRNJB model is then calibrated by
combining tributary load estimates for the projeetiod with in-lake water quality
estimates. The model is termed calibrated wheptédicted estimates for the trophic
response variables are similar to observed estmiaim the project monitoring data.
BATHTUB then has the ability to predict total phbspus concentration, chlorophyll-a
concentration, and secchi disk transparency aldtigand the associated TSI scores as a
means of expressing trophic response.

As stated above, BATHTUB can compare predictecesial conditions. After
calibration, the model was run based on observaderdrations of phosphorus and
nitrogen, to derive an estimated annual average pbiosphorus load of 500.9 kg and
annual average nitrogen load of 3,428.9 kg. Thdehwas then run to evaluate the
effectiveness of a number of nutrient reductiosaralitives including; (1) reducing
externally derived nutrient loads; (2) reducingennially available nutrients; and (3)
reducing both external and internal nutrient loads.

BATHTUB modeled the trophic response of Brewer Lakaeducing externally derived
nutrient loads. Phosphorus was used in the irggabf simulation models based on its
known relationship to eutrophication and that itesitrollable with the implementation

of watershed Best Management Practices (BMPskerrastoration methods. Simulated
reductions were achieved by reducing concentrabdphosphorus and nitrogen in the
contributing tributaries by 25, 50, and 75 percghile keeping the hydraulic discharge
constant (Table 12).

Table 12. Observed and Predicted Values for Seted Trophic Response Variables
Assuming a 25, 50, and 75 Percent Reduction in Eethal Phosphorus and Nitrogen

Loading.

Predicted Value
Variable Observed Value 25% 50% 75%
Total Phosphorus (mg/L ) 0.136 0.103 0.07( 0.03]
Total Dissolved Phosphorus (mg/L 0.091 0.060 0.030 03®.0
Total Nitrogen (mg/L ) 1.98 1.55 1.11 0.688
Chlorophyll-a (1g/L) 12.90 11.66 10.07 6.87
Secchi Disk Transparency (meters 2.30 2.3 2.4p 2.5
Carlson's TSI for Phosphorus 74.99 70.9 65.44 56.2
Carlson's TSI for Chlorophyll-a 55.69 54.69j 53.26 49.5]
Carlson's TSI for Secchi Disk 48.00 47.6 47.2% 46.3

To acquire a noticeable change in the tropic stdte88BATHTUB model predicted that a
50 percent reduction in external total phosphongsratrogen loads would achieve the
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Figure 14. Predicted trophic response measured Wyarlson’s TSI scores to
phosphorus and nitrogen load reductions to Brewekake of 25, 50, and 75

percent.

5.3 AnnAGNPS Watershed Model

The AnnAGNPS (Annualized Agricultural NonPoint $oel Pollution) model was
developed by the USDA Agricultural Research Serand Natural Resource
Conservation Service (NRCS) to expand the eadfli@NPS single event model. The
AnnAGNPS model consists of a system of computedletsoused to predict nonpoint
source pollution (NPS) loadings within agriculiureatersheds. The continuous
simulation surface runoff model contains progrdangl) input generation and editing; 2)
“annualized” pollutant loading model; and 3) outpeformatting and analysis.

The AnnAGNPS model uses batch processing, cortsimalation, and surface runoff
pollutant loading to generate amounts of watetirsent, and chemicals (nutrients and
pesticides) moving from land areas (cells) andiihg into the watershed stream network
at user specified locations (reaches) on a daidysh The water, sediment, and chemicals
travel throughout the watershed reaches to thersla¢d outlets. Feedlots, gullies, point
sources, and impoundments are special compor&itean be included in the cells and
reaches. Each component adds water, sedimettigaricals to the reaches.



Brewer Lake Nutrient and Dissolved Oxygen TMDLs Final: September 2008
Page 22 of 32

The AnNnAGNPS model is able to partition solublériemts and pesticides up between
surface runoff and infiltration. Sediment-attagmeitrients and pesticides are also
calculated in the stream system. Sediment isldd/into five particle size classes (clay,
silt, sand, small aggregate, and large aggregatépre moved separately through the
stream reaches.

AnNnAGNPS uses various models to develop an armedhlpbad in the watershed. These
models account for surface runoff, soil moistemsion, nutrients, pesticides, and reach
routing. Each model serves a particular purposkfanction in simulating the NPS
processes occurring in the watershed.

To generate surface runoff and soil moisture stiikeprofile is divided into two layers.

The top layer is used as the tillage layer andonagerties that change (bulk density etc.).
While the remaining soil profile makes up the settayer with properties that remain
static. A daily soil moisture budget is calcuthteased on (rainfall, irrigation, and snow
melt), runoff, evapotranspiration, and percolati®unoff is calculated using the NRCS
Runoff Curve Number equation. These curve numtansbe modified based on tillage
operations, soil moisture, and crop stage.

Overland sediment erosion was determined usingdified watershed-scale version of
(Revised Universal Soil Loss Equation) RUSLE. tée@nd Theurer, 1998).

A daily mass balance for nitrogen (N), phosphdRjs and organic carbon (OC) are
calculated for each cell. Major components cagr&d include plant uptake N and P,
fertilization, residue decomposition, and N angla@sport. Soluble and sediment
absorbed N and P are also calculated. Nitrogdmphosphorus are then separated into
organic and mineral phases. Plant uptake N aar@ hodeled through a crop growth
stage index. (Theurer et. al. 1998)

Each pesticide is expressed in a daily mass balahbe AnnAGNPS model allows for
numerous pesticides, each exhibiting their owmubal properties. Major components
of the pesticide model include foliage wash-oéttical transport in the soil profile, and
degradation. Soluble and sediment absorbed drectare calculated for each cell on a
daily basis.

The reach routing model moves sediment, nutriemd,pesticides through the
watershed. Sediment routing is calculated baped transport capacity relationships
using the Bagnold stream power equation (Bagrid@g). Routing of nutrients and
pesticides through the watershed is accomplisgesibdividing them into soluble and
sediment attached components and are based dntragel time, water temperature, and
decay constant. Infiltration is also used toHartreduce soluble nutrients. Both the
upstream and downstream points of the reach éelated for equilibrium
concentrations by using a first order equilibriomadel.

AnNnAGNPS uses 34 different categories of inpuadatd over 400 separate input
parameters to execute the model. The input gdegories can be split into five major
classifications: climatic data, land charactedrag field operations, chemical
characteristics, and feedlot operations. Climdita includes precipitation, maximum
and minimum air temperature, relative humidityy skver, and wind speed. Land
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characterization consists of soil characterizattamve number, RUSLE parameters, and
watershed drainage characterization. Field ojmersatontain tillage, planting, harvest,
rotation, chemical operations, and irrigation stthes. Finallyfeedlot operations

require daily manure rates, times of manure remawal residue amount from previous
operations.

Input parameters are used to verify the modemé&mput parameters may be repeated
for each cell, soil type, landuse, feedlot, andnetel reach. Default values are available
for some input parameteighers can be simplified because of duplicatiomilyD

climatic input data can be obtained through weagleaerators, local data, and/or both.
Geographical input data including cell boundarasd slope, slope direction, and
landuse can be generated by GIS or DEM (digiataion models).

Output data is expressed through an event baped ifer stream reaches and a source
accounting report for land or reach componentdép@parameters are selected by the
user for the desired watershed source locatigrec(fc cells, reaches, feedlots, point
sources, or gullies) for any simulation periocdhufe accounting for land or reach
components are calculated as a fraction of a fawituoad passing through any reach in
the stream network that came from the user idedtivatershed source locations. Event
based output data is defined as event quantdresser selected parameters at desired
stream reach locations.

AnNnAGNPS was utilized for the Brewer Lake TMDL pgoj. The Brewer Lake
watershed delineation began with downloading a 8fenmdigital elevation model
(DEM) of Cass County from the Natural Resource @oration Service (NRCS)
database. Delineation is defined as drawing a ayrand dividing the land within the
boundary into subwatersheds in such a matter et subwatershed has uniformed
hydrological parameters (land slope, elevation).etc

Landuse and soil digital images were then usexktiact the dominate identification of
landuse and soil for each subwatershed. Thisegsois achieved by overlaying Landsat
and soil images over the subwatershed file. Eachinate soil is then further identified
by its physical and chemical soil properties foumd database called National Soils
Information System (NASIS) developed by the NRT®minate landuse identification
input parameters were obtained using Revised Wsav&oil Loss Equation (RUSLE).

Several management simulations were completedchéoBtewer Lake watershed
including: 1) “Current Condition”, 2) Presettlenté@ondition, and 3) Implementation
Condition. A 3-year simulation period was useddatculated loading and climate data
was obtained from the North Dakota Agricultural \Weat Network (NDAWN) website.
Actual climatic data was retrieved from the NDAWfdton located in Galesburg, ND

for the years of 2003-2005. Nutrient and sedinhesuds at the outlet were calculated
then compared against each management simulafio@se comparisons were completed
to identify critical cells within the watershed atmobtain an estimate of the nutrient load
reductions possible for the watershed.

The first simulation completed of the Brewer Lakatershed at its “Current Condition”
which is the best estimation of the current lagd practices applied to the soils and
slopes of the watershed to obtain nutrient andsaa loads from the individual cells as
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well as the watershed as a whole. Major landmu$iee Brewer Lake watershed was
identified as small grains, corn, soybeans, dansesunflowers, and pasture. Disking or
chisel plowing and a conventional drill were ugethe cropland field operations.

Default values were used for crop rotations anmsisted of wheat-corn-soybean and dry
bean-wheat-sunflower. Disking of the field was eamearly April with planting

following in mid April and harvest in early AuguskEertilizer application defaults varied
between the two crop rotations when using a wheat-soybean rotation nitrogen and
phosphorus was applied at a low rate during pignti mid April, this stayed consistent
throughout the rotation. With the dry bean-whaatflower rotation, fertilizer

application was done using anhydrous ammonia egpliweek before planting. This
also continued throughout the rotation sched®asture land was defaulted as fair
throughout the entire watershed when used inithelation. Actual pasture and
cropland conditions may vary and would requirelgsison a tract by tract basis during
implementation. The estimated sediment load aé=utated at 578 tons. Attached
phosphorus and soluble phosphorus loads weretdné0and 21.07 tons respectively,
while attached and soluble nitrogen loads wer8 s and 0.55 tons (Table 13).

The second simulation completed involved simulatimgwatershed as it may have been
prior to settlement. Grass conditions similaraibdrass prairie or CRP were applied to
all of the cells within the watershed. Loading wamificantly reduced in this

simulation, the sediment load was calculated tafgggoximately 1.01 tons per year.
Attached phosphorus 0.39 tons and soluble phosplbRY tons, as well as attach
nitrogen at 0.00029 tons and soluble nitrogen MA@0#s annually. This simulation is
NOT intended to be used as a TMDL goal but only toashaorrelation between current
land uses and loading within the Brewer Lake waienls

Table 13. AnnAGNPS Management Simulation Nutrienand Sediment Loads for
the Brewer Lake Watershed.

Total Attach Soluble | Attached Soluble

Management Simulations | Untis . : .
9 Sediment] Nitrogen | Nitrogen | Phosphorug Phosphorug

Current Condition tons/lyf  578.79 0.29 0.55 4.40 21.07
Presettlement Condition tons/\r 1.01 0.000R9 0.00[79 0.3p 227
Implementation Condition tons/yf 69.26 0.06) 0.26 2.14 731.

The third simulation involved implementing BMPs anitical cells within the Brewer
Lake watershed. Critical cells were identifiednfr the “Current Condition”

simulation and were determined by the model adywimg excessive sediment loads
greater than 0.5 tons or in close proximity tovdee Lake. These critical areas account
for approximately 3,480 acres of the watershetréakdown of this acreage shows that
31 percent or 1,892 acres are composed of pastdreléh the remaining 26 percent or
1,588 acres are cropland. When BMP’s were placetth@se cells, total sediment was
reduced to 69.26 tons per year, while attachedsahuble phosphorus to 2.14 tons and
11.73 tons respectively. Attached and solubleogén accounted for a reduction of 0.06
tons and 0.26 tons annually. (Table 13).

5.4 Dissolved Oxygen

Brewer Lake is listed as fully supporting but thiegeed for fish and aquatic biota uses
because dissolved oxygen levels were observed kbalWMorth Dakota water quality
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standard of 5.0 mgtas a daily minimum (up to 10% of representativegamcollected
during any three year period may be less thanvilige provided that lethal conditions
are avoided). For Brewer Lake, low dissolved oxylgvels appear to be related to
excessive nutrient loadings.

The cycling of nutrients in aquatic ecosystemsiigely determined by oxidation-
reduction (redox) potential and the distributiord@afsolved oxygen and oxygen-
demanding particles (Dodds, 2002). Dissolved oxyggsnhas a strong affinity for
electrons, and thus influences biogeochemical scgaind the biological availability of
nutrients to primary producers such as algae. kigéls of nutrients can lead to
eutrophication, which is defined as the undesirgbbevth of algae and other aquatic
plants. In turn, eutrophication can lead to inceglsiological oxygen demand and
oxygen depletion due to the respiration of micraihes decompose the dead algae and
other organic material.

AnnAGNPS and BATHTUB models indicate that excessiutient loading is
responsible for the low dissolved oxygen levelBiawer Lake. Wetzel (1983)
summarized, “The loading of organic matter to tipdiimnion and sediments of
productive eutrophic lakes increases the consumti@lissolved oxygen. As a result,
the oxygen content of the hypolimnion is reduceafpessively during the period of
summer stratification.”

Carpenter et al. (1998), has shown that nonpointces of phosphorous has lead to
eutrophic conditions for many lakes/reservoirs asithe U.S. One consequence of
eutrophication is oxygen depletions caused by deosition of algae and aquatic plants.
They also document that a reduction in nutrientseventually lead to the reversal of
eutrophication and attainment of designated bela¢fises. However, the rates of
recovery are variable among lakes/reservoirs. Jinpgports the North Dakota
Department of Health’'s (NDDoH) viewpoint that deased nutrient loads at the
watershed level will result in improved oxygen llsveThe concern is that this process
takes a significant amount of time (5-15 years).

In Lake Erie, heavy loadings of phosphorous havgarted the lake severely.

Monitoring and research from the 1960’s has shdwab depressed hypolimnetic
dissolved oxygen levels were responsible for ldighekills and large mats of decaying
algae. Binational programs to reduce nutrients ihé lake have resulted in a downward
trend of the oxygen depletion rate since monitobagan in the 1970’s. The trend of
oxygen depletion has lagged behind that of phosplsoreduction, but this was expected
(See:_http://www.epa.gov/glnpo/lakeerie/dostorylhtm

Nurnberg (1995, 1995a, 1996, 1997), developed eetrtbdt quantified duration (days)
and extent of lake oxygen depletion, referred taraanoxic factor (AF). This model
showed that AF is positively correlated with averagnual total phosphorous (TP)
concentrations. The AF may also be used to quarggponses to watershed restoration
measures which make it very useful for TMDL devebgmt. Nurnberg (1996),
developed several regression models that showentgrcontrol all trophic state
indicators related to oxygen and phytoplanktorakek/reservoirs. These models were
developed from water quality characteristics usirggite of North American lakes.
NDDoH has calculated the morphometric parameters as surface area {& 124.7
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acres; 0.504 kA), mean depth (z = 12.6 feet; 3.84 meters), andatie of mean depth to
the surface area (z4X° = 1.07) for Brewer Lake which show that these paters are
within the range of lakes used by Nurnberg. Basethis information, NDDoH is
confident that NUrnberg’s empirical nutrient-oxygetationship holds true for North
Dakota lakes and reservoirs. NDDoH is also comfidieat prescribed BMPs will reduce
external loading of nutrients to Brewer Lake whial reduce algae blooms and
therefore increase oxygen levels to above Statelatds.

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA’sufatipns require that “TMDLS
should be established at levels necessary to ataimmaintain the applicable narrative
and numerical water quality standards with seasesr@tions and a margin of safety
that takes into account any lack of knowledge coring the relationship between
effluent limitations and water quality.” The margf safety (MOS) can either be
incorporated into conservative assumptions usegvelop the TMDL (implicit) or
added as a separate component of the TMDL (eXpliEibr the purposes of this nutrient
TMDL, a MOS of 10% of the loading capacity will beed as an explicit MOS.

Assuming the existing annual phosphorus load tavBrd_ake from tributary sources and
internal cycling is 500.9 kg and the TMDL reductigmal is a 50% reduction in total
annual phosphorus loading, then this would resudt TMDL target total phosphorus
loading capacity of 250.45 kg of total phosphoresyear. Based on a 10 % explicit
margin of safety, the MOS for the Brewer Lake TM@btuld be 25.04 kg of phosphorus
per year

Post-implementation monitoring related to the dff@mness of the TMDL controls can
also be used to assure attainment of the targatyy adaptive management during the
implementation phase.

6.2 Seasonality
Section 303(d)(1)(C) of the Clean Water Act andERA’s regulations require that a
TMDL be established with seasonal variations. Brelaake’s TMDL addresses

seasonality because the BATHTUB and AnnAGNPS madetsrporate seasonal
differences in their prediction of annual total ppborus and nitrogen loadings.

7.0 TMDL

The table below summarizes the nutrient and digsbbxygen TMDLs for Brewer Lake in
terms of loading capacity, wasteload allocatiooagdlallocations, and a margin of safety. The
TMDL can be generically described by the followeguation.

TMDL = LC = WLA + LA + MOS

where
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LC loading capacity, or the greatest loadingaterbody can receive without
violating water quality standards;

WLA wasteload allocation, or the portion of thgIDL allocated to existing or future
point sources;

LA load allocation, or the portion of the TMIllocated to existing or future non-
point sources;

MOS margin of safety, or an accounting of theartainty about the relationship
between pollutant loads and receiving water qualibe margin of safety can be
provided implicitly through analytical assumptiamrsexplicitly by reserving a
portion of the loading capacity.

7.1 Nutrient TMDL

Table 14. Summary of the Phosphorus TMDL for Brewer Lake.

Total
Phosphorus
Category (kalyr) Explanation

Existing Load 500.9 From observed data

50 percent total reduction based pn
Loading Capacity 250.45 | BATHTUB modeling
Wasteload Allocation 0.0 No point sources

Entire loading capacity minus MO
Load Allocation 225.41 | is allocated to non-point sources

10% of the loading capacity (kg/y

is reserved as an explicit margin qf
MOS 25.04 | safety

Based on data collected in 2003 thru 2005, theiegisnnual total phosphorus load to
Brewer Lake is estimated at 500.9 kg. Assumin@% Beduction in phosphorus loading
will result in Brewer Lake reaching a TMDL targetdl phosphorus concentration of
0.070 mg L%, the TMDL or Loading Capacity is 250.45 kg per yesssuming 10% of
the loading capacity (25.04 kg/yr) is explicitlysaged to the MOS and there are no
point sources in the watershed all of the remaitoaging capacity (225.41 kg/yr) is
assigned to the load allocation.

In November 2006 EPA issued a memorandum “EstabgshMDL “Daily” Loads in

Light of the Decision by the U.S. Court of Appeftsthe D.C. Circuit in Friends of the
Earth, Inc. v. EPA et. al., No. 05-5015 (April Z806) and Implications for NPDES
Permits,” which recommends that all TMDLs and a&ded load allocations and
wasteload allocations include a daily time incretmertonjunction with other

appropriate temporal expressions that may be nagessimplement the relevant water
quality standard. While the Department believed the appropriate temporal expression
for phosphorus loading to lakes and reservoirs i@reannual load, the phosphorus
TMDL has also been expressed as a daily load.rderdo express this phosphorus
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TMDL as a daily load the annual loading capacitg®0.45 kg/yr was divided by 365
days. Based on this analysis, the phosphorus TMRpressed as an average daily load,
is 0.6862 kg/day with the load allocation equad16176 kg/day and the MOS equal to
0.0686 kg/day.

7.2 Dissolved Oxygen TMDL

It is expected that by attaining the nutrient loaduction target established for Brewer
Lake, the dissolved oxygen impairment will be addesl. A reduction in nutrient load to
Brewer Lake would be expected to lower algal bicsriasels in the water column
thereby reducing the biological oxygen demand exkly the decomposition of these
primary producers. The reduction in biological ggg demand is therefore assumed to
result in attainment of the dissolved oxygen stathda

8.0 ALLOCATION

A 50 percent nutrient load reduction target waaldsthed for the entire Brewer Lake watershed.
This reduction was set based on the BATHTUB moabich predicted that under similar
hydraulic conditions, an external nutrient loaduettbn of 50 percent would lower Carlson’s
phosphorus TSI from 75 to 65 (Figure 14).

Using the AnnAGNPS model, it was determined theeetwo distinct groups, or critical areas,

in the watershed. These priority areas accourdfproximately 3,480 acres of the watershed. A
breakdown of this acreage shows that 31 percehfB®?2 acres are composed of pastureland
with the remaining 26 percent or 1,588 acres aglanal. The first group of cells is located
around Brewer Lake. These cells were identifiethegely pastureland and are in close
proximity to the lake. The second group of celiswdentified as cropland within the Brewer
Lake watershed. These areas are cropped anddquanearily along the main stem and
tributary inlets to Brewer Lake. These cells shcwdhe critical cells examined to determine the
necessity and types of BMP’s to be implementeduifeid.6). According to the AnnAGNPS,
model if BMP’s are implemented on these criticalaar the phosphorus load would be reduced
51 percent meeting the TMDL goal.

The TMDLs in this report are a plan to improve wajeality by implementing BMPs through a
volunteer, incentive-based approach. This TMDL paput forth as a recommendation to what
needs to be accomplished for Brewer Lake and iternstaed to meet and protect its beneficial
uses. Water quality monitoring should continuedsess the effects of recommendations made in
this TMDL. Monitoring may indicate that loading @ity recommendations be adjusted.
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Figure 15. AnnAGNPS Model Identification of Critical Areas for BMP Implementation.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtus TMDL, a hard copy of the TMDL for
Brewer Lake Dam and a request for comment was thil@articipating agencies, partners, and
to those who requested a copy. Those includeaemtailing of a hard copy were as follows:

Cass County Soil Conservation District

Cass County Water Resource Board

North Dakota Game and Fish Department

Natural Resource Conservation Service (State asd Caunty Field Offices)
U.S. Environmental Protection Agency, Region VIl

U.S. Fish & Wildlife Service

In addition to mailing copies of this TMDL for BrewLake to interested parties, the TMDL was
been posted on the North Dakota Department of HeRlvision of Water Quality web site at
http://www.health.state.nd.us/wgA 30 day public notice soliciting comment anditjggation

was also published in the following newspapers:

Fargo Forum
Bismarck Tribune
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In response to the Department’s public notice, cemisiwere received from the US Fish and
Wildlife Service’s North Dakota Field Office, theSLEPA Region 8 and a hand written note
from Scott Elstad with the North Dakota Game arghB)epartment. Stating they had no
comment on the draft report. A copy of the US E®&nd US Fish and Wildlife Service’s
comments is provided in Appendices E and F, resmgt The Department’s response to
comments is provided in Appendix G.

10.0MONITORING

To insure that the implementation of BMPs will redyphosphorus levels and result in a
corresponding increase in dissolved oxygen, waiality monitoring will be conducted in
accordance with an approved Quality Assurance Eréjan (QAPP).

Specifically, monitoring will be conducted for a&triables that are currently causing
impairments to the beneficial uses of the waterbdtigse include, but are not limited to
nutrients (i.e., nitrogen and phosphorus) and tlissiboxygen. Once a watershed restoration
plan (e.g. 319 PIP) is implemented, monitoring Wwél conducted in the lake/reservoir beginning
two years after implementation and extending figarg after the implementation project is
complete.

11.0 TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLSs is dependent upon the amlity of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIPyealkas securing a local project sponsor
and the required matching funds. Provided thesethequirements are in place, a project
implementation plan (PIP) is developed in accordamith the TMDL and submitted to the ND
Nonpoint Source Pollution Task Force and US EPAafiproval. The implementation of the best
management practices contained in the NPS pollutianagement project is voluntary.
Therefore, success of any TMDL implementation proje ultimately dependent on the ability

of the local project sponsor to find cooperatingducers.

Monitoring is an important and required compondrary PIP. As a part of the PIP, data are
collected to monitor and track the effects of BMipiementation as well as to judge overall
project success. Quality Assurance Project Pladd*{@3) detail the strategy of how, when and
where monitoring will be conducted to gather theadeeeded to document the TMDL
implementation goal(s). As data are gathered aatyaed, watershed restoration tasks are
adapted to place BMPs where they will have thetgetdenefit to water quality.

12.0 ENDANGERED SPECIES

The North Dakota Department of Health has reviethedist of Threatened and Endangered
Species in Cass County as provided by the US Fidhdldlife Service (Appendix A).
Although there are listed species present in thuigothey do not utilize the waterbody that is
targeted by this TMDL. It is, therefore, the Depagnht’s best professional judgment that the
Brewer Lake TMDL poses “No Adverse Effect” to thoBareatened and Endangered species
listed for Cass County.
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In a letter dated September 4, 2008 (Appendix RElvivas sent in response to the
Department’s request for public comments on thevBrd_ake TMDL report, the US Fish and
Wildlife Service concurred with the Department’sictusion.
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Appendix A

County Occurrence of Endangered, Threatened and Calidate Species
and Designated Critical Habitat in North Dakota (March 2006)
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Prepared by
Peter Wax
June 28, 2006

Introduction

In order to meet the project goals, as set fortkhieyproject sponsors of improving the trophic
condition of Brewer Lake to levels capable of maiming the reservoirs beneficial uses (e.qg.,
fishing and recreation), and the objectives of gngect, which are to: (1) develop a nutrient and
sediment budget for the reservoir; (2) identify gnenary sources and causes of nutrients and
sediments to the reservoir; and (3) examine ancemadommendations for reservoir restoration
measures which will reduce documented nutrientsatiment loadings to the reservoir, a
calibrated trophic response model was developeBrenwer Lake. The model enables
investigations into various nutrient reduction altgives relative to the project goal of
improving Brewer Lake’s trophic status. The modél allow resource managers and the public
to relate changes in nutrient loadings to the ttopbndition of the reservoir and to set realistic
lake restoration goals that are scientifically dsfble, physically achievable and socially
acceptable.

Methods

For purposes of this project, the BATHTUB prograswse to predict changes in trophic status
based on changes in nutrient loading. The BATHTW&pam, developed by the US Army
Corps of Engineers Waterways Experiment StationlK&/al996), applies an empirically

derived eutrophication model to reservoirs. The ehagldeveloped in three phases. The first two
phases involve the analysis and reduction of ibatary and in-lake water quality data. The

third phase involves model calibration. In the da@uction phase, the in-lake and tributary
monitoring data collected as part of the projeetarmmarized, or reduced, in a format which
can serve as inputs to the model. The following lsief explanation of the computer software,
methods, and procedures used to complete eaclesd thhases.

Tributary Data

To facilitate the analysis and reduction of tribytaflow and outflow water quality and flow
data the FLUX program was employed. The FLUX progralso developed by the US Corps of
Engineers Waterways Experiment Station (Walker 1,99€es six calculation techniques to
estimate the average mass discharge or loadingaisaes a given river or stream site. FLUX
estimates loadings based on grab sample chemiceéntrations and continuous daily flow
record. Load is therefore defined as the masspailatant during a given time period (e.g., hour,
day, month, season, year). The FLUX program allthesuser, through various iterations, to
select the most appropriate load calculation tepmiand data stratification scheme, either by
flow or date, which will give a load estimate witie smallest statistical error, as represented by
the coefficient of variation. Output from the FLUpXogram is then provided as an input file to
calibrate the BATHTUB eutrophication response moBel a complete description of the

FLUX program the reader is referred to Walker (1996



Lake Data

Brewer Lake’s in-lake water quality data was reduagsing Microsoft Excel. The data was
reduced in excel to provide three computationatfioms, including: (1) the ability to display
constitutes as a function of depth, location, andate; (2) calculate summary statistics (e.qg.,
mean, median and standard error in the mixed lafyére lake or reservoir); and (3) track the
temporal trophic status. As is the case with FLOMtput from the Excel program is used as
input to calibrate the BATHTUB model.

Bathtub Model Calibration

As stated previously, the BATHTUB eutrophicationdabwas selected for this project as a
means evaluating the effects of various nutriedtiction alternatives on the predicted trophic
status of Brewer Lake. BATHTUB performs water amtrient balance calculations in a steady-
state. The BATHTUB model also allows the user tatigly segment the reservoir.
Eutrophication related water quality variables (e@fal phosphorus, total nitrogen, chlorophyll-
a, secchi depth, organic nitrogen, orthophosphorand,hypolimnetic oxygen depletion rate) are
predicted using empirical relationships previowyeloped and tested for reservoir systems
(Walker 1985).

Within the BATHTUB program the user can select fremnschemes based on reservoir
morphometry and the needs of the resource mandgerg BATHTUB the user can view the
reservoir as a single spatially averaged reseorais single segmented reservoir. The user can
also model parts of the reservoir, such as an eméaly or model a collection of reservoirs. For
purposes of this project, Brewer Lake was modeted single, spatially averaged, reservoir.
Once input is provided to the model from FLUX anct@ the user can compare predicted
conditions (i.e., model output) to actual condisoBince BATHTUB uses a set of generalized
rates and factors, predicted vs. actual conditioag differ by a factor of 2 or more using the
initial, un-calibrated, model. These differencefdet a combination of measurement errors in
the inflow and outflow data, as well as unique fiea$ of the reservoir being modeled.

In order to closely match an actual in-lake comwditwith the predicted condition, BATHTUB
allows the user to modify a set of calibration éast(Table 1). For a complete description of the
BATHTUB model the reader is referred to Walker (@29



Table 1. Selected model parameters, number ané nAmodel, and where appropriate the
calibration factor used for Brewer Lake Bathtub Mbd

Model Option Model Selection Calibration Factor
Conservative Substance 1 Computed 1.000
Phosphorus Balance 6 First Order 0.935
Phosphorus — Ortho P 6 1.00
Nitrogen Balance 7 Settling Velocity 1.01
Organic Nitrogen 7 3.50
Chlorophyll-a 2 P, Light, T 1.00
Secchi Depth 1 Vs. Chla & Tuityd 3.30
Phosphorus Calibration 1 Concentrations NA
Nitrogen Calibration 1 Concentrations NA
Availability Factors O Ignore NA
Mass-Balance Tables 0 Use Observed Contiemisa NA
Results

The trophic response model, BATHTUB, has been catia to match Brewer Lalsetrophic
response for the project period of April 28, 20Bbtigh October 31, 2005. This is accomplished
by combining tributary loading estimates for thejpct period with in-lake water quality
estimates. Tributary flow and concentration datalie project period are reduced by the FLUX
program and the corresponding in-lake water qudekilya are reduced utilizing Excel. The output
from these two programs is then provided as inptihé BATHTUB model. The model is
calibrated through several iterations, first byesghg appropriate empirical relationships for
model coefficients (e.g., nitrogen and phosphoeagimnsentation, nitrogen and phosphorus decay,
oxygen depletion, and algal/chlorophyll growth)da®cond by adjusting model calibration
factors for those coefficients (Table 1). The madeérmed calibrated when the predicted
estimates for the trophic response variables anéagito observed estimates made from project
monitoring data.

The two most important nutrients controlling trophesponse in Brewer Lake are nitrogen and
phosphorus. After calibration the observed aveeagwial concentration of total nitrogen and
total phosphorus compare well with those of the BAUB model. The trophic response model
predicts and that the reservoir has a bi-annuainaelweighted average total phosphorus
concentration of 0.1358 mg'iand an annual average volume weighted total rétrog
concentration of 1.987 mg'Lcompared to observed values for total phosphardgatal

nitrogen of 0.136 mgt and 1.984 mg T, respectively (Table 2).

Other measures of trophic response predicted bsntigel are average annual chlorophyll-a
concentration and average secchi disk transpardimeycalibrated model did just as good a job
of predicting average chlorophyll-a concentratiod aecchi disk transparency within the
reservoir as total phosphorus and total nitrogeabld 2).

Once predictions of total phosphorus, chlorophylivad secchi disk transparency are made, the
model calculates Carls@nTrophic Status Index (TSI) as a means of exprggsiedicted trophic
response (Table 2). CarlserT Sl is an index that can be used to measurestagve trophic

state of a lake or reservoir. Simply stated, trotate is how much production (i.e., algal and
weed growth) occurs in the waterbody. The lowemthigient concentrations are within the
waterbody the lower the production and the lowerttbphic state or level. In contrast, increased



nutrient concentrations in a lake or reservoir@ase the production of algae and weeds which
make the lake or reservoir more eutrophic or oigadr trophic state. Oligotrophic is the term
which describes the least productive lakes andeyephic is the term used to describe lakes
and reservoirs with excessive nutrients and prinpaoguction.

Table 2. Observed and Predicted Values for Selelatephic Response Variables for the
CalibratedBATHTUB Model.

Value

Variable Observed Predicted
Total Phosphorus as P (mg/L) 0.136 0.136
Total Nitrogen as N (mg/L) 1.984 1.987
Organic Nitrogen as N (mg/L) 1.886 1.844
Chlorophyll-a ( g/L) 12.90 12.56
Secchi Disk Transparency (meters) 2.30 2.32
Carlsons TSI for Phosphorus ?4.9 74.97
Carlsons TSI for Chlorophyll-a 55.69 55.42
Carlsons TSI for Secchi Disk 48.00 48.89

Figure 1 provides a graphic summary of the TSI ediiog each trophic level compared to values
for each of the trophic response variables. Thibreed model provided predictions of trophic
status which are similar to the observed TSI vafaethe project period (Table 2). Predicted
and observed TSI values for phosphorus and se@thsdggest Brewer Lake is hypereutrophic,
while the TSI value chlorophyll-a indicated theegeir is eutrophic. Figure 2 is a graphic that
shows the annual temporal distribution of Brewekd sitrophic state based on the three
parameters total phosphorus as phosphate, andphidi-a concentrations and secchi disk
depth transparency.

Model Predictions

Once the model is calibrated to existing conditjahe model can be used to evaluate the
effectiveness of any number of nutrient reductiotake restoration alternatives. This evaluation
is accomplished by comparing the predicted troghate, as reflected by Carlsei SI, with
currently observed TSI values. Modeled nutrientiotidn alternatives are presented in three
basic categories: (1) reducing externally derivettiant loads; (2) reducing internally available
nutrients; and (3) reducing both external and mdenutrient loads. For Brewer Lake only
external nutrient loads were addressed. Exterrialemti loads were addressed because they are
known to cause eutrophication and because thegoauteollable through the implementation of
watershed Best Management Practices (BMPs).



Figure 1. Graphic depiction of Carlson's TrophiatS$ Index
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Figure 2. Distribution of Carlosn's Trophic Stalndex scores for Brewer Lake (4-28-04
through 10-31-05)

Predicted changes in trophic response to Brewee khake evaluated by reducing externally
derived phosphorus loads by 25, 50, and 75 per¢éese reductions were simulated in the
model by reducing the phosphorus and nitrogen adratons in the contributing tributaries by
25, 50, and 75 percent. Since there is no reliad@ans of estimating how much hydraulic



discharge would be reduced through the implememaif BMPs, flow was held constant.
Additionally the portion of the watershed not mon#d was left constant.

The model results indicate that if it were posstbleeduce external nutrient loading to Brewer
Lake by 50 percent or greater the average anntalgbosphorus concentrations in the lake
would decrease a measurable amount (Table 3, F&uteis also likely, that a 50 plus percent
reduction in nutrient load would result in an impement to the trophic status of Brewer Lake
that would be noticeable to the average lake iseugh reduced intensity and length of algal
blooms as represented by in-lake phosphorus camatiems declining to the eutrophic range.

With a 75 percent reduction in external phosphang nitrogen load, the model predicts a
reduction in Carlsos TSI score from 75 to 63 based on inlake phospghoouresponding to a
trophic state of eutrophic.

Table 3. Observed and Predicted Values for Saleltephic Response Variables Assuming a
25, 50, and 75 Percent Reductidaxternal Phosphorus and Nitrogen Loading.

Predicted
Variable Observed 25 % 50 % 75 %
Total Phosphorus as P (mg/L) 0.136 0.103 0.070 0.037
Total Diss. Phosphorus as P (mg/L) 0.091 0.060 0.030 (RO
Total Nitrogen as N (mg/L) 1.984 1.553 1.1121  0.688
Chlorophyll-a ( g/L) 12.90 11.66 10.07 6.87
Secchi Disk Transparency (meters) 2.30 2.35 2.42 2.57
Carlsons TSI for Phosphorus 74.99 70.98 65.44 56.23
Carlsons TSI for Chlorophyll-a 55.69 54.69 53.26 49.51
Carlsons TSI for Secchi Disk 48.00 47.66 47.25 46.37
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Figure 3. Predicted trophic response measured bgdeés TSI scores to phosphorus and
nitrogen load reductions to Brewer Lake of 25,&f] 75 percent
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Flux Analysis



585304 Brewer Outlet 04 and 05

Average Sample Interval = 10.4 Days, Date Range = 20040506 to 20051031
Maximum Sample Interval = 93 Days, Date Range = 20041029 to 20050131
Percent of Total Flow Volume Occuring In This Inte rval = 9.3%

Total Flow Volume on Sampled Days = 98.2h m3

Total Flow Volume on All Days = 1050.2 h m3

Percent of Total Flow Volume Sampled = 9.4%

Maximum Sampled Flow Rate = 12.15 hm3/yr

Maximum Total Flow Rate = 17.96 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled Flow = 8 out of 731
Percent of Total Flow Volume Occurring at Flow Rat es Exceeding the

Maximum Sampled Flow Rate = 12.2%

585304 Brewer Outlet 04 and 05 VAR=nh3-4 MET HOD= 3 1JC
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 438 24 24 12.7 .305 2 43 -.753 .004

2 184 18 18 30.5 1.741 1.7 55 -.309 771

3 109 10 10 56.8 5.469 6.0 78 - 776 .402

bkl 731 52 52 100.0 1.437 1.8 89

FLOW STATISTICS

FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.437 HM3/YR

TOTAL FLOW VOLUME = 2.88 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040506 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 294.0 146.9 .7711 E+03 102.26 .189
2QWTDC 291.4 145.6  .8231 E+03 101.35 .197
31JC 286.7 143.3  .7438 E+03 99.73 .190
4 REG-1 293.1 146.4  .1239 E+04 101.92 .240
5 REG-2 292.1 146.0 .1333 E+04 101.61 .250
6 REG-3 376.2 188.0 .3188 E+04 130.86 .300
585304 Brewer Outlet 04 and 05 VAR=nh3-4 MET HOD=3 1JC
Load Time Series
—————— Model--- --- ----Interpolated----

Sample Volume Mass Conc Mass  Conc
Date Days Count (hm3) (kg) (pp b) (kg) (ppb)
2004 366.00 19 1.001 112.6 112 44 117.1 116.93
2005 365.00 33 1.874 1742 92 .94 170.2 90.83
ALL 731.01 52 2.875 286.7 99. 73 287.3 99.92
585304 Brewer Outlet 04 and 05 VAR=no2+no3 ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 438 24 24 12.7 .305 2 43 346 .027
2 184 18 18 30.5 1.741 1.7 55 -1.478 .087
3 109 10 10 56.8 5.469 6.0 78 727 344

kx 731 52 52 100.0 1.437 1.8 89



FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.437 HM3/YR

TOTAL FLOW VOLUME = 2.88 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040506 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 498.5 2491 1211
2QWTDC 481.9 240.8  .9845
313C 484.9 2423  .1027

4 REG-1 469.2 234.4  .8948
5 REG-2 488.3 2440  .1307
6 REG-3 405.6 202.6  .5093

585304 Brewer Outlet 04 and 05 VAR=no2+no3 ME
Load Time Series
—————— Model----
Sample Volume Mass Co
Date Days Count (hm3) (kg) (pp
2004 366.00 19 1.001 168.8 168.
2005 365.00 33 1.874 236.7 126.

ALL 731.01 52 2.875 405.6 141.

585304 Brewer Outlet 04 and 05 VAR=inorg-n ME

ANCE CONC (PPB) CV
E+05 173.37 .442
E+04 167.61 .412
E+05 168.66 .418
E+04 163.19 .403
E+05 169.84 .468
E+04 141.06 .352

THOD= 6 REG-3

—————— Interpolated----
nc Mass Conc

b) (kg)  (ppb)

65  187.4 187.18
32 2246 119.85
06  412.0 143.29

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 438 24 24 12.7 .305 2

2 184 18 18 30.5 1.741 1.7
3 109 10 10 56.8 5.469 6.0
kx 731 52 52 100.0 1.437 1.8

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.437 HM3/YR

TOTAL FLOW VOLUME = 2.88 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040506 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 792.5 396.0 .1230
2QWTDC 773.3 386.4  .9948
313C 771.7 385.6  .1035

4 REG-1 765.9 382.7 .1060
5 REG-2 769.1 384.3 .1018
6 REG-3 837.0 418.2 .1291

585304 Brewer Outlet 04 and 05 VAR=inorg-n ME
Load Time Series

Sample Volume Mass C
Date Days Count (hm3) (kg) (pp
2004 366.00 19 1.001 286.0 285
2005 365.00 33 1.874 487.3 260
ALL 731.01 52 2.875 773.3 268

OW C/Q SLOPE SIGNIF
43 -410 .019

55 -1.188 .162

78 -.083 .911

89

ANCE CONC (PPB) CV
E+05 275.63 .280
E+04 268.96 .258
E+05 268.39 .264
E+05 266.37 .269
E+05 267.49 .263
E+05 291.12 .272

THOD=2QWTD C

———————— Interpolated----
onc Mass Conc
b) (kg)  (ppb)

71 307.3 306.95
.01 466.3 248.81
.96 773.6 269.05



585304 Brewer Outlet 04 and 05 VAR=tn ME

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 438 24 24 12.7 .305 2

2 184 18 18 30.5 1.741 1.7
3 109 10 10 56.8 5.469 6.0
kx 731 52 52 100.0 1.437 1.8

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.437 HM3/YR

TOTAL FLOW VOLUME = 2.88 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040506 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 3199.5 1598.7  .3678
2QWTDC 3094.8 1546.3  .1546

313C 3089.4 1543.7  .1577

4 REG-1 3098.8 1548.3  .1683
5 REG-2 3090.8 15443  .1595
6 REG-3 3123.4 1560.6  .1743

585304 Brewer Outlet 04 and 05 VAR=tn ME
Load Time Series
—————— Model---
Sample Volume Mass Co
Date Days Count (hm3) (kg) (pp
2004 366.00 19 1.001 1103.3 1102
2005 365.00 33 1.874 1991.5 1062

ALL 731.01 52 2.875 3094.8 1076.

585304 Brewer Outlet 04 and 05 VAR=tdp ME

OW C/Q SLOPE SIGNIF
43 -.172 .009

55 -.360 .095

78 -.105 .704

89

ANCE CONC (PPB) CV
E+05 1112.81 .120
E+05 1076.38 .080
E+05 1074.52 .081
E+05 1077.76 .084
E+05 1074.98 .082
E+05 1086.32 .085

THOD=2QWTD C

——————— Interpolated----
nc Mass Conc

b) (kg)  (ppb)

.03 11351 1133.80
.68  1960.0 1045.87
38  3095.1 1076.49

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 438 24 24 12.7 .305 2

2 184 17 17 30.5 1.741 1.7
3 109 10 10 56.8 5.469 6.0
kx 731 51 51100.0 1.437 1.8

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.437 HM3/YR

TOTAL FLOW VOLUME = 2.88 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040506 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 317.5 158.6  .6993
2QWTDC 308.7 1542  .5626
313C 306.6 163.2  .5501

4 REG-1 314.3 157.1  .8786
5 REG-2 316.4 158.1 .7844

6 REG-3 342.4 1711 .1300

OW C/Q SLOPE SIGNIF
43 -.497 .005

66 1.062 .078

78 -.698 .256

95

ANCE CONC (PPB) CV
E+03 110.43 .167
E+03 107.36 .154
E+03 106.63 .153
E+03 109.32 .189
E+03 110.06 .177
E+04 119.07 .211



585304 Brewer Outlet 04 and 05 VAR=tdp MET

Load Time Series
—————— Model--
Sample Volume Mass Conc
Date Days Count (hm3) (kg) (pp
2004 366.00 19 1.001 113.0 112
2005 365.00 32 1.874 195.6 104

ALL 731.01 51 2.875 308.7 107.

585304 Brewer Outlet 04 and 05 VAR=tp ME

HOD=2QWTD C

———————— Interpolated----
Mass  Conc

b) (kg) (ppb)

91 1141 113.98
39 1947 103.87
36  308.8 107.39

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 438 24 24 12.7 .305 2

2 184 18 18 30.5 1.741 1.7
3 109 10 10 56.8 5.469 6.0
ool 731 52 52 100.0 1.437 1.8

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.437 HM3/YR

TOTAL FLOW VOLUME = 2.88 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040506 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 422.2 2109 .8434
2QWTDC 412.6 206.2  .6302
313C 410.3 205.0 .6196

4 REG-1 419.3 209.5 9391
5 REG-2 419.7 209.7  .8568
6 REG-3 442.7 221.2  .1209

585304 Brewer Outlet 04 and 05 VAR=tp ME
Load Time Series

Sample Volume Mass Co
Date Days Count (hm3) (kg) (pp
2004 366.00 19 1.001 151.7 151
2005 365.00 33 1.874 258.6 138
ALL 731.01 52 2.875 410.3 142.

585304 Brewer Outlet 04 and 05 VAR-=tss MET

OW C/Q SLOPE SIGNIF
43 -413 .003

55 .559 .255

78 -.607 .228

89

ANCE CONC (PPB) CV
E+03 146.84 .138
E+03 143,50 .122
E+03 14271 .121
E+03 145.85 .146
E+03 145.97 .140
E+04 153.98 .157

THOD=3 1JC

———————— Interpolated----
nc Mass Conc

b) (kg) (ppb)
54 152.8 152.64
.00  257.8 137.57

71 410.6 142.82

HOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 438 24 24 12.7 .305 2

2 184 18 18 30.5 1.741 1.7
3 109 10 10 56.8 5.469 6.0
kx 731 52 52 100.0 1.437 1.8

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.437 HM3/YR

TOTAL FLOW VOLUME = 2.88 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040506 TO 20051031

OW C/Q SLOPE SIGNIF
43 .185 .028

55 -.670 .271

78 241 499

89



METHOD MASS (KG) FLUX (KG/YR) FLUX VARIA
1 AV LOAD 26329.8 13155.9 .1016
2QWTDC 25660.1 12821.3  .8695

313C 25588.2 12785.3  .8609

4 REG-1 25569.6 12776.1  .8622

5 REG-2 25680.1 12831.2  .9587

6 REG-3 22783.5 11384.0 .4327

585304 Brewer Outlet 04 and 05 VAR=tss MET
Load Time Series

Sample Volume Mass C
Date Days Count (hm3) (kg) (pp
2004 366.00 19 1.001 9299.2 9288
2005 365.00 33 1.874 16288.9 8691

ALL 731.01 52 2.875 25588.2 8899.

585305 Brewer SW TRIB 04 & 05

Average Sample Interval = 18.1 Days, Date Range =
Maximum Sample Interval = 254 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 34.7h
Total Flow Volume on All Days = 750.3 h
Percent of Total Flow Volume Sampled =  4.6%

Maximum Sampled Flow Rate = 15.59 hm3/yr

Maximum Total Flow Rate =  161.13 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = 75.9%

585305 Brewer SW TRIB 04 & 05 VAR=nh3-4 ME

NCE CONC (PPB) CV
E+08 9157.60 .242
E+07 8924.68 .230
E+07 8899.66 .229
E+07 8893.22 .230
E+07 8931.62 .241
E+07 7924.19 .183

HOD= 3 1JC

-------- Interpolated----

onc Mass Conc
b) (kg)  (ppb)

72 9535.0 9524.23
.83 16058.4 8568.80

67  25593.4 8901.47

20040603 to 20050707
20040723 to 20050404
rval = 1.0%

m3
m3

Flow = 10 out of 731
es Exceeding the

THOD=1 AV LOAD

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL
1 689 16 16 5.5 .060 2

2 42 6 6 945 16.880 4.9

o 731 22 22100.0 1.026 15

FLOW STATISTICS

FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.026 HM3/YR

TOTAL FLOW VOLUME = 2.05 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20050707

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 123.9 619 .5213

2QWTDC 121.3 60.6 .7762

313C 114.3 57.1  .1030

4 REG-1 179.4 89.6 .9172

5 REG-2 299.4 149.6  .3995

6 REG-3 246.6 1232 5173

OW C/Q SLOPE SIGNIF
97 .164 .516

90 418 .523

77

ANCE CONC (PPB) CV
E+03 60.32 .369
E+03 59.04 .460
E+04 55.65 .562
E+06  87.33 10.685
E+08 145.73 42.255
E+06 120.05 5.837



585305 Brewer SW TRIB04 & 05 VAR=nh3-4 MET
Load Time Series

Sample Volume Mass Conc
Date Days Count (hm3) (kg) (pp
2004 366.00 5 1.358 59.1 43
2005 365.00 24 .696 64.8 93
ALL 731.01 29 2.054 123.9 60.

585305 Brewer SW TRIB 04 & 05 VAR=no2+no3 ME

HOD=1 AV LOAD

———————— Interpolated----
Mass  Conc

b) (kg) (ppb)
53 58.4  43.01
.05 65.6 94.26

32 124.0 60.38

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 689 16 16 5.5 .060 2
2 42 6 6 945 16.880 4.9
el 731 22 22100.0 1.026 15

FLOW STATISTICS

FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.026 HM3/YR

TOTAL FLOW VOLUME = 2.05 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20050707

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 1665.5 832.2  .3428
2QWTDC 2766.3 1382.2  .6343

313C 2443.4 12209 .8395
4 REG-1 2907.4 14527  .8395
5 REG-2 3427.7 1712.7 1734

6 REG-3 22335.8 11160.2  .6898

585305 Brewer SW TRIB 04 & 05 VAR=no2+no3 MET
Load Time Series

Sample Volume Mass C
Date Days Count (hm3) (kg) (pp
2004 366.00 5 1.358 1817.2 1338
2005 365.00 24 .696 949.1 1362
ALL 731.01 29 2.054 2766.3 1346.

585305 Brewer SW TRIB 04 & 05 VAR=inorg-n MET

OW C/Q SLOPE SIGNIF
97 .763 .001

90 .087 .941

77

ANCE CONC (PPB) CV
E+05 810.80 .222
E+06 1346.69 .576
E+06 1189.49 .750
E+08 1415.40 6.307
E+10 1668.66 24.317
E+10 10873.47 7.442

HOD=2QWTD C

-------- Interpolated----
onc Mass Conc

b) (kg)  (ppb)

43 1796.3 1323.05
.80  970.0 1392.83
69  2766.3 1346.71

HOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 689 16 16 5.5 .060 2
2 42 6 6 945 16.880 4.9
kx 731 22 22100.0 1.026 15

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.026 HM3/YR

TOTAL FLOW VOLUME = 2.05 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20050707

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 1789.4 894.1 4178
2QWTDC 2887.6 14428 .6702

313C 2557.7 1278.0 .8943
4 REG-1 2920.1 1459.0 .7262
5 REG-2 3286.9 1642.3  .1368

6 REG-3 16631.7 8310.2  .2769

OW C/Q SLOPE SIGNIF
97 .587 .004

90 .049 .964

77

ANCE CONC (PPB) CV
E+05 87112 .229
E+06 1405.72 .567
E+06 1245.13 .740
E+08 1421.54 5.841
E+10 1600.13 22.522
E+10 8096.65 6.332



585305 Brewer SW TRIB 04 & 05 VAR=inorg-n MET
Load Time Series

Sample Volume Mass Co
Date Days Count (hm3) (kg) (pp
2004 366.00 5 1.358 1892.7 1394
2005 365.00 24 .696 994.9 1428
ALL 731.01 29 2.054 2887.6 1405.

585305 Brewer SW TRIB 04 & 05 VAR=tn ME

HOD=2QWTD C

———————— Interpolated----
nc Mass Conc

b) (kg) (ppb)
.05  1870.7 1377.84
48  1016.9 1460.15

72 2887.6 1405.74

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 689 16 16 5.5 .060 2
2 42 6 6 945 16.880 4.9
el 731 22 22100.0 1.026 15
FLOW STATISTICS
FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.026 HM3/YR
TOTAL FLOW VOLUME = 2.05 HM3
FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20050707

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 2632.4 1315.3 .7164
2QWTDC 4353.0 21750 .8387

313C 3976.9 1987.1  .1112

4 REG-1 3155.6 1576.7  .3706
5 REG-2 2262.7 1130.6  .1005
6 REG-3 4368.9 21829 3771

585305 Brewer SW TRIB 04 & 05 VAR=tn MET
Load Time Series

Sample Volume Mass C
Date Days Count (hm3) (kg) (pp
2004 366.00 5 1.358 2858.5 2105
2005 365.00 24 .696 1494.5 2145
ALL 731.01 29 2.054 4353.0 2119.

585305 Brewer SW TRIB 04 & 05 VAR=tdp ME

OW C/Q SLOPE SIGNIF
97 .220 .006

90 -.280 .485

77

ANCE CONC (PPB) CV
E+05 128151 .203
E+06 2119.11 .421
E+07 1936.05 .531
E+07 1536.21 1.221
E+08 1101.52 2.804
E+07 2126.85 .890

HOD=2QWTD C

———————— Interpolated----
onc Mass Conc

b) (kg) ~ (ppb)

42 2834.7 2087.91
.81  1518.3 2179.99
11  4353.0 2119.13

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 661 13 13 2.7 .030 A
2 41 6 6 55 1.014 1.3
3 29 3 3918 23.751 8.2
kx 731 22 22100.0 1.026 15

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE = 1.026 HM3/YR

TOTAL FLOW VOLUME = 2.05 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20050707

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 253.8 126.8  .1196
2QWTDC 498.6 2491 7999
313C 490.4 245.0 .3421

4 REG-1 471.3 2355 2117
5 REG-2 385.0 192.4 5796

6 REG-3 537.5 268.6  .1348

OW C/Q SLOPE SIGNIF
59 .091 .624

28 .091 .766

21 -.088 .891

77

ANCE CONC (PPB) CV
E+04 123,53 .273
E+03 242.73 .114
E+03 238.72 .075
E+05 229.44 .618
E+05 187.44 1.251
E+06 261.67 1.367



585305 Brewer SW TRIB 04 & 05 VAR=tdp ME THOD= 3 1JC
Load Time Series
—————— Model--- --- ----Interpolated----

Sample Volume Mass Conc Mass  Conc
Date Days Count (hm3) (kg) (pp b) (kg) (ppb)
2004 366.00 5 1.358 322.4 237 49 322.5 237.55
2005 365.00 24 .696 167.9 241 A3 168.1 241.39
ALL 731.01 29 2.054 490.4 238. 72 490.6 238.85
585305 Brewer SW TRIB 04 & 05 VAR=tp ME THOD= 3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 661 13 13 2.7 .030 A 59 -.071 .620

2 41 6 6 55 1.014 1.3 28 -.013 .964
3 29 3 3918 23.751 8.2 21 -.126 .854
ool 731 22 22100.0 1.026 15 77

FLOW STATISTICS
FLOW DURATION =
MEAN FLOW RATE = 1.026 HM3/YR

TOTAL FLOW VOLUME = 2.05 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20050707

731.0 DAYS = 2.001 YEARS

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 314.7 157.2  .1557 E+04 153.21 .251
2QWTDC 581.9 290.8  .1550 E+04 283.30 .135
31JC 568.3 284.0 .8841 E+03 276.66 .105
4 REG-1 543.2 2714 2711 E+05 264.44 .607
5 REG-2 403.0 201.3 .7126 E+05 196.17 1.326
6 REG-3 629.3 314.4 5503 E+06 306.35 2.359
585305 Brewer SW TRIB 04 & 05 VAR=tp ME THOD=3 1JC
Load Time Series
—————— Model-- ---- ----Interpolated----
Sample Volume Mass Con c Mass Conc
Date Days Count (hm3) (kg) (pp b) (kg) (ppb)
2004 366.00 5 1.358 372.8 274 .56 372.6 274.42
2005 365.00 24 .696 1955 280 .75 196.2 281.69
ALL 731.01 29 2.054 568.3 276. 66 568.8 276.89
585305 Brewer SW TRIB 04 & 05  VAR-=tss M ETHOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 689 16 16 5.5 .060 2 97 .099 .187

2 42 6 6 945 16.880 4.9 90 .069 .691

e 731 22 22100.0 1.026 15 77

FLOW STATISTICS
FLOW DURATION =
MEAN FLOW RATE = 1.026 HM3/YR

TOTAL FLOW VOLUME = 2.05 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20050707

731.0 DAYS = 2.001 YEARS



METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 8832.2 4413.1  .1947
2QWTDC 12811.7 6401.5  .1402

313C 12476.2 6233.8 .1994

4 REG-1 13607.7 6799.2  .7745
5 REG-2 15281.0 7635.3  .7508
6 REG-3 14122.6 7056.5  .4319

585305 Brewer SW TRIB 04 & 05 VAR=tss MET
Load Time Series
------ Model--
Sample Volume Mass C
Date Days Count (hm3) (kg) (pp
2004 366.00 5 1.358 8325.0 6131
2005 365.00 24 .696 4486.7 6442

ALL 731.01 29 2.054 12811.7 6236.

585306 Brewer W TRIB 04 & 05

Average Sample Interval = 13.6 Days, Date Range =
Maximum Sample Interval = 156 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 14.6 h
Total Flow Volume on All Days = 239.4 h
Percent of Total Flow Volume Sampled = 6.1%

Maximum Sampled Flow Rate = 3.14 hm3l/yr

Maximum Total Flow Rate = 16.59 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = 51.1%

585306 Brewer W TRIB04 & 05 VAR=nh3-4 ME

ANCE CONC (PPB) CV
E+07 4299.69 .316
E+07 6236.98 .185
E+07 6073.64 .227
E+08 6624.51 1.294
E+09 7439.11 3.589
E+08 6875.15 .931

HOD=2QWTD C

-------- Interpolated----
onc Mass Conc
b) (kg) (ppb)

72 8268.5 6090.09
.19 4543.3 6523.51

99 12811.8 6237.04

20040603 to 20051031
20041029 to 20050404
rval = 3.2%

m3
m3

Flow = 14 out of 731
es Exceeding the

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 731 38 38 100.0 327 3
o 731 38 38100.0 .327 3

FLOW STATISTICS

FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .327 HM3/YR

TOTAL FLOW VOLUME = .66 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 22.2 111 1797
2QWTDC 19.0 9.5 .8758
313C 18.9 9.4  .9889

4 REG-1 18.7 9.3  .9009

5 REG-2 30.7 15.3  .1537
6 REG-3 20.0 10.0 .1182

OW C/Q SLOPE SIGNIF
83 .092 .442
83

ANCE CONC (PPB) CV
E+02 33.86 .382
E+01 28.95 .312
E+01 28.79 .334
E+01 2854 .321
E+03 46.86 .808
E+02 30.52 .344



585306 Brewer W TRIB 04 & 05 VAR=nh3-4 MET
Load Time Series

Sample Volume Mass Conc
Date Days Count (hm3) (kg) (pp
2004 366.00 10 .323 9.3 28
2005 365.00 28 .333 9.6 28

ALL 731.01 38 .655 19.0 28.

585306 Brewer W TRIB 04 & 05  VAR=no2+no3 ME

HOD=2QWTD C

———————— Interpolated----
Mass  Conc

b) (kg) (ppb)
.95 9.0 27.99
.95 9.9 29.89

95 19.0 28.96

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 569 21 21 11.7 .049 .0
2 109 12 12 14.0 .308 2
3 53 5 5742 3.352 1.8
ool 731 38 38 100.0 327 3

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .327 HM3/YR

TOTAL FLOW VOLUME = .66 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 870.6 435.0 .3369
2QWTDC 1111.4 5565.3  .6475

313C 1100.6 549.9  .6090

4 REG-1 944.2 471.8  .2277
5 REG-2 830.2 414.8  .7965
6 REG-3 1108.9 5541 1712

585306 Brewer W TRIB 04 & 05 VAR=no2+no3 MET
Load Time Series

Sample Volume Mass Conc
Date Days Count (hm3) (kg) (pp
2004 366.00 10 .323 537.3 1665
2005 365.00 28 .333 563.3 1692
ALL 731.01 38 .655 1100.6 1679.

585306 Brewer W TRIB 04 & 05  VAR=inorg-n ME

OW C/Q SLOPE SIGNIF
80 -.167 .718

83 .181 .562

94 -.558 .409

83

ANCE CONC (PPB) CV
E+04 1328.40 .133
E+04 1695.80 .145
E+04 1679.43 .142
E+05 1440.66 .320
E+05 1266.74 .680
E+05 1692.07 .236

HOD=3 1JC

- ----Interpolated----
Mass  Conc

b) (kg) (ppb)
.75  536.8 1664.01
69  564.2 1695.27

43 1100.9 1679.88

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 569 21 21 11.7 .049 .0
2 109 12 12 14.0 .308 2
3 53 5 5742 3.352 1.8
e 731 38 38100.0 .327 3

FLOW STATISTICS

FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .327 HM3/YR

TOTAL FLOW VOLUME = .66 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040603 TO 20051031

OW C/Q SLOPE SIGNIF
80 -.160 .724

83 .166 .598

94 -.546 .414

83



METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 884.1 441.7  .3373
2QWTDC 1130.4 564.8 .6387

313C 1119.3 559.2 5916

4 REG-1 962.4 480.9  .2265
5 REG-2 845.4 422.4  .8297
6 REG-3 1128.5 563.9 .1636

585306 Brewer W TRIB 04 & 05  VAR=inorg-n ME
Load Time Series

------ Model---
Sample Volume Mass Co
Date Days Count (hm3) (kg) (pp
2004 366.00 10 .323 546.6 1694
2005 365.00 28 .333 572.6 1720

ALL 731.01 38 .655 1119.3 1707.

585307 Brewer NW TRIB 04-05
Average Sample Interval = 10.5 Days, Date Range =

Maximum Sample Interval = 156 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 4.7 h
Total Flow Volume on All Days = 82.7h
Percent of Total Flow Volume Sampled = 5.6%

Maximum Sampled Flow Rate = .79 hm3/yr

Maximum Total Flow Rate = 17.96 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = 70.0%

585307 Brewer NW TRIB 04-05 VAR=nh3-4 ME

ANCE CONC (PPB) CV
E+04 1349.00 .131
E+04 1724.80 .142
E+04 1707.85 .138
E+05 1468.49 .313
E+05 1289.94 .682
E+05 1721.99 .227

THOD= 3 1JC

------- Interpolated----
nc Mass Conc

b) (kg) (ppb)
58  545.8 1691.89
71 573.8 1724.28

84 1119.6 1708.33

20040525 to 20051031
20041029 to 20050404
rval= .3%

m3
m3

Flow = 9 out of 731
es Exceeding the

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 731 50 50100.0 113 .0
kx 731 50 50 100.0 113 .0

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .113 HM3/YR

TOTAL FLOW VOLUME = .23 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040525 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 59 29  .8467
2QWTDC 7.1 3.6 .7374
313C 7.1 3.6 .7387

4 REG-1 7.0 3.5 .7659
6 REG-3 6.0 3.0 .8326

585307 Brewer NW TRIB 04-05 VAR=nh3-4 MET
Load Time Series

------ Model--
Sample Volume Mass C
Date Days Count (hm3) (kg) (pp
2004 366.00 18 142 45 31
2005 365.00 32 .085 27 31

ALL 731.01 50 226 7.1 31.

OW C/Q SLOPE SIGNIF
93 -.057 .409
93

ANCE CONC (PPB) CV
E+00 25.89 .314
E+00 31.46 .241
E+00 31.44 .242
E+00 31.11 .249
E+00 26.52 .304

HOD=2QWTD C

-------- Interpolated----
onc Mass Conc
b) (kg)  (ppb)

46 44 31.15
46 2.7 31.97

46 7.1 31.46



585307 Brewer NW TRIB 04-05 VAR=no2+no3 ME

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 731 50 50 100.0 113 .0
i 731 50 50100.0 113 .0

FLOW STATISTICS

FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .113 HM3/YR

TOTAL FLOW VOLUME = .23 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040525 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 288.3 1441  .6481
2QWTDC 350.3 175.0 .7354
313C 344.5 172.2  .7889

4 REG-1 348.6 1742  .7569
5 REG-2 62.2 31.1 .3053

6 REG-3 387.0 1934 5755

585307 Brewer NW TRIB 04-05 VAR=no2+no3 ME
Load Time Series

------ Model--
Sample Volume Mass Con
Date Days Count (hm3) (kg) (pp
2004 366.00 18 142 219.1 1547
2005 365.00 32 .085 131.1 1547
ALL 731.01 50 226 350.3 1547.

585307 Brewer NW TRIB 04-05 VAR=inorg-n ME

OW C/Q SLOPE SIGNIF
93 -.025 .545
93

ANCE CONC (PPB) CV
E+03 1273.47 177
E+03 1547.21 .155
E+03 1521.80 .163
E+03 1539.72 .158
E+05 274.81 5.621
E+03 1709.20 .124

THOD=2QWTD C

-------- Interpolated----

C Mass Conc

b) (kg) (ppb)

21 220.7 1558.17
21 129.6 1528.88

20 350.3 1547.20

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 731 50 50 100.0 113 .0
kx 731 50 50 100.0 113 .0

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .113 HM3/YR

TOTAL FLOW VOLUME = .23 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040525 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 294.2 147.0 .6720
2QWTDC 357.4 1786  .7337
313C 351.7 175.7  .7851

4 REG-1 355.7 177.7  .7553
5 REG-2 59.7 29.8 .3150

6 REG-3 383.3 191.5 5442

585307 Brewer NW TRIB 04-05 VAR=inorg-n ME
Load Time Series

------ Model----
Sample Volume Mass Conc
Date Days Count (hm3) (kg) (pp
2004 366.00 18 142 223.6 1578
2005 365.00 32 .085 133.8 1578

ALL 731.01 50 226 357.4 1578.

OW C/Q SLOPE SIGNIF
93 -.025 .436
93

ANCE CONC (PPB) CV
E+03 1299.36 .176
E+03 1578.66 .152
E+03 1553.24 .159
E+03 1570.93 .155
E+05 263.86 5.946
E+03 1693.17 .122

THOD=2QWTD C

------ Interpolated----
Mass  Conc
b) (kg) (ppb)
.66 225.1 1589.32
.67 132.3 1560.85

66 357.4 1578.66



585307 Brewer NW TRIB 04-05 VAR=tn ME

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 731 50 50100.0 113 .0
e 731 50 50100.0 113 .0

FLOW STATISTICS

FLOW DURATION = 731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .113 HM3/YR

TOTAL FLOW VOLUME = .23 HM3

FLOW DATE RANGE =20040101 TO 20051231
SAMPLE DATE RANGE = 20040525 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 421.3 2105 .1830
2QWTDC 511.9 255.8  .2821
313C 509.8 2547  .2845

4 REG-1 512.9 256.2  .3177
5 REG-2 676.8 338.2 .2954
6 REG-3 529.3 264.5 4316

585307 Brewer NW TRIB 04-05 VAR=tn ME
Load Time Series

—————— Model-----
Sample Volume Mass Conc
Date Days Count (hm3) (kg) (pp
2004 366.00 18 .142 320.2 2260
2005 365.00 32 .085 191.6 2260
ALL 731.01 50 226 511.9 2260.

585307 Brewer NW TRIB 04-05 VAR=tdp ME

OW C/Q SLOPE SIGNIF
93 .010 .671
93

ANCE CONC (PPB) CV
E+04 1860.90 .203
E+03 2260.91 .066
E+03 2251.72 .066
E+03 226521 .070
E+05 2989.46 .508
E+03 2337.99 .079

THOD=2QWTD C

- ----Interpolated----
Mass Conc

b) (kg) (ppb)

91  320.8 2265.00
91  191.1 2254.09
92 511.9 2260.92

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 587 23 23 3.9 .006 .0

2 115 21 21 17.2 123 A
3 29 5 5789 2.251 A4
kx 731 49 49 100.0 113 .0

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .113 HM3/YR

TOTAL FLOW VOLUME = .23 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040525 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 12.6 6.3 4512
2QWTDC 47.0 235 .3614
313C 49.5 247 2751

4 REG-1 1215 60.7 .2146
5 REG-2 4175.4 2086.2  .1175

6 REG-3 83.9 419 .7023

OW C/Q SLOPE SIGNIF
11 .058 .382

07 -.189 .392

20 1.593 .038

94

ANCE CONC (PPB) CV
E+01 55.58 .338
E+02 207.42 .256
E+02 218.42 .212
E+04 536.57 .763
E+08 18442.07 1.643
E+03 370.67 .632



585307 Brewer NW TRIB 04-05 VAR=tdp ME
Load Time Series

—————— Model------
Sample Volume Mass Conc
Date Days Count (hm3) (kg) (pp
2004 366.00 18 142 30.6 216
2005 365.00 31 .085 18.8 222
ALL 731.01 49 226 495 218.

585307 Brewer NW TRIB 04-05 VAR=tp ME

THOD=3 1JC

----Interpolated----
Mass  Conc

b) (kg) (ppb)
18 30.2 21341
16 19.1 225.86

42 49.4 218.07

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 587 24 24 3.9 .006 .0

2 115 21 21 17.2 123 A
3 29 5 5789 2.251 A4
i 731 50 50100.0 113 .0

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .113 HM3/YR

TOTAL FLOW VOLUME = .23 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040525 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 20.6 10.3  .5645
2QWTDC 66.6 33.3  .2677
313C 68.7 34.3 .2012

4 REG-1 103.8 51.9  .2483
5 REG-2 1616.3 807.6  .5576
6 REG-3 87.2 43.6  .1390

585307 Brewer NW TRIB 04-05 VAR=tp ME
Load Time Series

------ Model-----
Sample Volume Mass Co
Date Days Count (hm3) (kg) (pp
2004 366.00 18 142 42,7 301
2005 365.00 32 .085 26.0 307
ALL 731.01 50 226 68.7 303.

585307 Brewer NW TRIB 04-05 VAR=tss ME

OW C/Q SLOPE SIGNIF
13 -.035 .502

07 .255 .044

20 776 .019

93

ANCE CONC (PPB) CV
E+01 90.81 .231
E+02 294.32 .155
E+02 303.63 .131
E+03 458.46 .304
E+06 7139.21 .925
E+03 385.14 .271

THOD= 3 1JC

- ----Interpolated----
nc Mass Conc
b) (kg) (ppb)
A7 42.4 299.47
.24 26.3 309.79

63 68.7 303.33

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 731 50 50 100.0 113 .0
kx 731 50 50 100.0 113 .0

FLOW STATISTICS

FLOW DURATION =  731.0 DAYS = 2.001 YEARS
MEAN FLOW RATE =  .113 HM3/YR

TOTAL FLOW VOLUME = .23 HM3

FLOW DATE RANGE = 20040101 TO 20051231
SAMPLE DATE RANGE = 20040525 TO 20051031

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 2466.1 1232.2  .1400
2QWTDC 2996.2 1497.1  .1438

313C 2981.4 1489.7  .1516

4 REG-1 2898.0 1448.0 .1373

6 REG-3 1949.7 974.2  .6339

OW C/Q SLOPE SIGNIF
93 -.171 .005
93

ANCE CONC (PPB) CV
E+06 10892.42 .304
E+06 13233.84 .253
E+06 13168.54 .261
E+06 12800.37 .256
E+05 8611.48 .258



585307 Brewer NW TRIB 04-05 VAR=tss ME
Load Time Series

—————— Model--
Sample Volume Mass Co
Date Days Count (hm3) (kg) (pp
2004 366.00 18 142 1874.4 13233
2005 365.00 32 .085 1121.8 13233

ALL 731.01 50 .226 2996.2 13233.

THOD=2QWTD C

———————— Interpolated----
nc Mass Conc
b) (kg) (ppb)

.84 1911.4 13494.91
.86 1084.7 12797.00

81 2996.1 13233.58



Appendix D

AnNnAGNPS Watershed Model Results



“Current State” Simulation

AnnAGNPS: v3.51.a.16 Accumulation File 04/02/2007 15:49:42
Brewerlake watershed
Simulation Period 1 12003 12 312005

Simulation Accumulation: 1

Totals at Outlet:
Simulation Days 1096
Drainage Area 6107.500

Outlet YYYYYN Y 6107.50 6107.50
Water 295.3633
Bed & Bank 0.0 0.0 0.0 0.0 0.0
Gully 0.0 0.0 0.0 0.0 0.0
Sheet&Rill 521.561 50.017 7.212 0.0 0.0
Size Total 521.561 50.017 7.212 0.0 0.0
Source Tot 0.0 0.0 578.791 578.791
Nutrients 0.29 055 4275 0.0 440 21.07

“Presettlement” Simulation

AnnAGNPS: v3.51.a.16 Accumulation File 10/16/2007 9:39:35
Brewerlake watershed
Simulation Period 1 12003 12 312005

Simulation Accumulation: 1

Totals at Outlet:
Simulation Days 1096
Drainage Area 6107.500

Outlet YYYYYN Y 6107.50 6107.50
Water 9.4008
Bed & Bank 0.0 0.0 0.0 0.0 0.0
Gully 0.0 0.0 0.0 0.0 0.0
Sheet&Rill 0.757 0.149 0.099 0.0 0.0
Size Total 0.757 0.149 0.099 0.0 0.0
Source Tot 0.0 0.0 1.006 1.006
Nutrients 0.29E-03 0.79E-02  0.05 00 039 227

“BMP Implementation” Simulation

ANnAGNPS: v3.51.a.16 Accumulation File 10/15/2007 14:30:06
Brewerlake watershed
Simulation Period 1 12003 12 312005

Simulation Accumulation: 1

Totals at Outlet:
Simulation Days 1096
Drainage Area 6107.500

Outlet YYYYYN Y 6107.50 6107.50
Water 161.7097
Bed & Bank 0.0 0.0 0.0 0.0 0.0
Gully 0.0 0.0 0.0 0.0 0.0
Sheet&Rill 62.810 4.726 1.720 0.0 0.0
Size Total 62.810 4.726 1.720 0.0 0.0
Source Tot 0.0 0.0 69.255 69.255

Nutrients 0.06 026 5.96 00 214 1173



Appendix E
Review Comments Provided by the US EPA Region 8



EPA REGION VIII TMDL REVIEW FORM

Document Name: Brewer Lake Nutrient and Dissolved ®ygen TMDLs
Submitted by: Mike EIll, NDDoH

Date Received: August 19, 2008

Review Date: August 27, 2008

Reviewer: Vern Berry, EPA

Formal or Informal Review? | Informal — Public Notice

This document provides a standard format for EP4iéte8 to provide comments to the North
Dakota Department of Health (NDDoH) on TMDL docurtseprovided to the EPA for either
official formal or informal review. All TMDL docurants are measured against the following 11
review criteria:

Water Quality Impairment Status
Water Quality Standards

Water Quality Targets
Significant Sources

Technical Analysis

Margin of Safety and Seasonality
Total Maximum Daily Load
Allocation

. Public Participation

10. Monitoring Strategy
11.Restoration Strategy

©CoNo~wWNE

Each of the 11 review criteria are described bdtmprovide the rational for the review,
followed by EPA’s comments. This review is intedde ensure compliance with the Clean
Water Act and also to ensure that the reviewed mhecus are technically sound and the
conclusions are technically defensible.



1. Water Quality Impairment Status

Criterion Description — Water Quality Impairment Stus

TMDL documents must include a description of thiedl water quality impairmentd/Vhile the 303(d) list
identifies probable causes and sources of watelitguepairments, the information contained in the
303(d) list is generally not sufficiently detailexprovide the reader with an adequate understagain
the impairments. TMDL documents should includeoadugh description/summary of all available water
guality data such that the water quality impairnseate clearly defined and linked to the impaired
beneficial uses and/or appropriate water qualitgratards.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

LIO00X

Brewer Lake is located approximately 42 miles nwebt of Fargo near the small town of
Erie in Cass County, North Dakota. It is a 124anan-made impoundment in the Lower Sheyenne sub-
basin (HUC 09020204) of the Red River basin of N@#akota. Rush River is the main tributary that
drains into the reservoir. Brewer Lake is listedtioe State’'s 2008 303(d) list as fully supportirg
threatened for fish and other aquatic biota useasubent/eutrophication biological indicators, shé/ed
oxygen and sedimentation/siltation, and as fullypsuted but threatened for recreational uses by
nutrient/eutrophication biological indicators. Apgimately 6,107 acres of land drain to the lakerfr
the watershed. Brewer Lake is classified as asCla=ool water fishery, and is listed as a higbrsi
for TMDL development. The majority of the land usehis watershed is agricultural (approximatey 8
percent). Cropland acreage is approximately 81t the remaining 19% is haylands, pasture, low
density development, conservation reserve prog@esand water.

2. Water Quality Standards

Criterion Description — Water Quality Standards

The TMDL document must include a description ofpilicable water quality standards for all affedte
jurisdictions TMDLs result in maintaining and attaining water djtiastandards. Water quality
standards are the basis from which TMDLs are egthbtl and the TMDL targets are derivatluding
the numeric, narrative, use classification, andidegradation components of the standards.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

Q000X

Brewer Lake is listed as impaired for nutrientfephication, dissolved oxygen and
sedimentation/siltation. The North Dakota Departtd Health has set narrative water quality statsla
that apply to all surface waters of the state. NB®oH narrative standards that apply to nutriemtd
sedimentation include:



“All waters of the state shall be free from substas attributable to municipal, industrial, or
other discharges or agricultural practices in contmtions or combinations which are toxic or
harmful to humans, animals, plants, or residentatmubiota.” (See NDAC 33-16-02-08.1.a.(4))

“No discharge of pollutants, which alone or in camdtion with other substances, shall:

1. Cause a public health hazard or injury to enwimental resources;

2. Impair existing or reasonable beneficial usethefreceiving waters; or

3. Directly or indirectly cause concentrations aflptants to exceed applicable standards of the
receiving waters.” (See NDAC 33-16-02-08.1.e.)

In addition to the narrative standards, the NDDH $et a biological goal for all surface watershef t
state:
“The biological condition of surface waters shaél bimilar to that of sites or waterbodies
determined by the department to be regional refegesites.” (See NDAC 33-16-02-08.2.a.)
Currently, North Dakota does not have a numerisdaed for nutrients, however nutrient guidelines fo
lakes have been established. The nutrient guidefordakes are: Ngas N = 0.25 mg/L; Pf£as P = 0.02
mg/L; and total phosphorus = 0.1 mg/L.
The numeric standard for dissolved oxygen &0&mg/L (single sample minimum).
Other applicable water quality standards are ireuoin pages 14 - 16 of the TMDL report.

3. Water Quality Targets

Criterion Description — Water Quality Targets

Quantified targets or endpoints must be providedddress each listed pollutant/water body combaorati
Target values must represent achievement of agpéoaater quality standards and support of asseclat
beneficial uses. For pollutants with numeric wajeglity standards, the numeric criteria are gerigra
used as the TMDL target. For pollutants with naiva standards, the narrative standard must be
translated into a measurable value. At a minimang target is required for each pollutant/water fod
combination. It is generally desirable, howeverirticlude several targets that represent achieveren
the standard and support of beneficial uses (f0g.a sediment impairment issue it may be apprdpria
include targets representing water column sedinsenh as TSS, embeddeness, stream morphology, Up-
slope conditions and a measure of biota).

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

LIOXC0

The main water quality target for this TMDL is bdson interpretation of narrative
provisions found in State water quality standarkisNorth Dakota, algal blooms can limit contactian
immersion recreation beneficial uses. Also aldabims can deplete oxygen levels which can affect
aquatic life uses. Several algal species are derai to be nuisance aquatic species. TSI measotem
can be used to estimate how much algal productiynauocur in lakes. Therefore, TSl is used as a
measure of the narrative standard in order to nhéterwhether beneficial uses are being met.

The mean total phosphorus TSI for Brewer Lake dytie period of the assessment was 75.0. Nutrient
reduction response modeling was conducted with BRUH, an Army Corps of Engineers
eutrophication response model. The results ofitbéeling show that a 50% reduction in phosphorus
loading to the reservoir will achieve a total phosus TSI of 65, which corresponds to a phosphorus
concentration of 0.070 mg/L. This target is basededucing the TSI values for the reservoir tdimit



the eutrophic range as defined by Carlson, ancedstrg the productivity of the reservoir and insneg
dissolved oxygen concentrations. This target g&tan best professional judgement and will fully
support its beneficial uses.

The water quality targets used in this TMDL araintain a mean annual total phosphorus TSI at or
below 65; maintain a dissolved oxygen level of nt#ss than 5 mg/L.

Brewer Lake is listed as impaired for sedimentdsitation in addition to nutrients and
dissolved oxygen. However, the TMDL does not ciongatarget for sediment, nor a justification ttied
lake is not impaired by sediment nor a statemeattttie sediment impairment will be addressed in a
separate, future document. The TMDL needs to @¢ehln explanation of how the sedimentation/siltatio
impairment will be addressed.

The TMDL shows that pH data was collected in Breladte, but it does not summarize or mention the
pH results or whether its meeting the applicable/ggS. A few sentences need to be added to the
TMDL to summarize the pH readings in the lake amahgare them with the pH WQS.

4. Significant Sources

Criterion Description — Significant Sources

TMDLs must consider all significant sources of stressor of concern. All sources or causes of the
stressor must be identified or accounted for insonanner. The detail provided in the source agsess
step drives the rigor of the allocation step. they words, it is only possible to specificallycaate
guantifiable loads or load reductions to each siiaint source when the relative load contributioonf
each source has been estimated. Ideally, thergefioeepollutant load from each significant sourbesld
be quantified. This can be accomplished usingsgegific monitoring data, modeling, or applicatioh
other assessment techniques. If insufficient intesources are available to accomplish this step,
phased/adaptive management approach can be empsayiedig as the approach is clearly defined in the
document.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

I

The TMDL identifies the major sources of phospisaaa coming from nonpoint source
agricultural landuses within the watershed. Tlaggeno known point source contributions in this
watershed. A loading analysis was done for nutsiand sediment considering various agricultunadl la
use and land management factors. Cropland andrphbstd are the primary sources identified. Cnagla
acreage is approximately 81%, and the remaining E¥aylands, pasture, low density development,
conservation reserve program acres and water.

5. Technical Analysis

Criterion Description — Technical Analysis

TMDLs must be supported by an appropriate levéedfinical analysis It applies taall of the
components of a TMDL document. It is vitally impot that the technical basis fatl conclusions be
articulated in a manner that is easily understanéadnd readily apparent to the reader. Of partawul
importance, the cause and effect relationship betwhe pollutant and impairment and between the
selected targets, sources, TMDLs, and allocatieels to be supported by an appropriate level of




Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentaiestipns provided for informational purposes.

(N

The technical analysis addresses linkage betweewater quality target and the identified
sources of nutrients, and describes the modelstnods used to derive the TMDL loads that will easu
that the water quality standards are met. To deter the cause and effect relationship betweemwtter
quality target and the identified sources variouslets and loading analysis were utilized.

The FLUX model was used to facilitate the analgsid reduction of tributary inflow and outflow nint
and sediment loadings for the Brewer Lake. Outiimuh the FLUX program is then provided as an input
file to calibrate the BATHTUB eutrophication resgermodel. The BATHTUB model was used to
predict and evaluate the effects of various nutiiead reduction scenarios on Brewer Lake.

The Annualized Agricultural Non-Point Source Mo@hnAGNPS) model was used to simulate
alterations in land use practices and the resultirtgent reduction response. The nutrient loadiogyce
analysis, that was used to identify necessary olanitn the watershed, was based on the identifioadf
critical cells.

Improvements in the dissolved oxygen concentratidhe reservoir can be achieved through reduction
of organic loading to the lake as a result of pegabBMP implementation. The TMDL contains a
linkage analysis between phosphorus loading andlissolved oxygen in lakes and reservoirs. It is
anticipated that meeting the phosphorus load remtutarget in Brewer Lake will address the dissdlve
oxygen impairment.

Similar to the comment above in the Water Qudlaygets section, the TMDL fails
include a discussion of the sedimentation/siltaitopairment in the Technical Analysis section. The
Technical Analysis section should include a sultise@ddressing the sediment impairment. This may
include, as appropriate, a justification that theelis not impaired by sediment, or a statemehntliza
sediment impairment will be addressed in a sepdi@iegre document.

6. Margin of Safety and Seasonality

Criterion Description — Margin of Safety and Seasality

A margin of safety (MOS) is a required componenthefTMDL that accounts for the uncertainty about
the relationship between the pollutant loads areldhality of the receiving water body (303(d)(2)(c)
The MOS can be implicitly expressed by incorpoptirmargin of safety into conservative assumption
used to develop the TMDL. In other cases, the M&Soe built in as a separate component of the TMDL
(in this case, quantitatively, a TMDL = WLA + LAMOS). In all cases, specific documentation
describing the rational for the MOS is required.

Uy

Seasonal considerations, such as critical flow gasi(high flow, low flow), also need to be consider

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

Partially satisfies criterion. Questions or comtsegprovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

D



To account for the uncertainty associated withvkmsources and the load reductions
necessary to reach the water quality target of $P=T65, a 10% (25.04 kg/yr) explicit margin of etgf
is included in the nutrient TMDL. It is anticipatéhat the load reductions from the BMPs applieth&o
critical cells in the watershed, along improvemeatgparian health through working with landowntrs
exclude cattle from riparian areas in the watershétimeet the phosphorus loading target.

Seasonality was adequately considered by evaludtengumulative impacts of the various seasons on
water quality and by proposing BMPs that can bertdl to seasonal needs.

Section 6.1, Margin of Safety (MOS), defines M®8t does not say what the MOS is
for this TMDL. The MOS section within the TMDL dement needs to include an explanation of how
the uncertainty in the TMDL loading calculationadebetween the pollutant loads and the water qgualit
of receiving waterbody. For an explicit MOS thautd simply include the numeric value, and perhaps
include a brief sentence of why an explicit MOS whesen. For future TMDLs, EPA plans to work
with all of the Region 8 states to strengthen tlaegim of safety in TMDLSs, to be able to more acoeisa
account for the uncertainty in the derivation af VDL loads.

7. TMDL

Criterion Description — Total Maximum Daily Load

TMDLs include a quantified pollutant reduction tatg According to EPA regulations (see 40 CFR
130.2(i)). TMDLs can be expressed as mass pewfifiine, toxicity, % load reduction, or other mesges
TMDLs must address, either singly or in combinatieech listed pollutant/water body combination.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravicelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

I

The TMDL established for Brewer Lake is a 250.45/k (0.69 kg/day) total phosphorus
load to the lake (50% reduction in external annot@l phosphorus load). This is the modeled loattiv
derived from the BATHTUB model using the flow amahcentration data collected during the period of
the assessment. The annual loading will vary fyear-to-year; therefore, this TMDL is considered a
long term average percent reduction in phosphaadihg. The TMDL contains a linkage analysis
between phosphorus loading and low dissolved oxygéakes and reservoirs. It is anticipated that
meeting the phosphorus load reduction target invBrd_ake will address the dissolved oxygen
impairment.

The NDDoH believes that describing the load asrarual load is more realistic and protective of the
waterbody. Most phosphorus based eutrophicatiotetsaise annual phosphorus loads, and seasonality
and unpredictable precipitation patterns make by étzad unrealistic. EPA recognizes that, under th
specific circumstances, the state may deem theshitoad the most appropriate timeframe (i.e., tB¢ T
water quality target is based on an interpretatiomarrative water quality standards which natyretbes

not include an averaging period). EPA notes thatBrewer Lake TMDL calculations for phosphorus
include an approximated daily load derived throsmghple division of the annual load by the number of
days in a yearThis should be considered an “average” daily lied typically will not match the actual
phosphorus load reaching the lake on a given day.



8. Allocation

Criterion Description — Allocation

TMDLs apportion responsibility for taking actionsallocate the available assimilative capacity argon
the various point, nonpoint, and natural pollutasiurces. Allocations may be expressed in a vaoikty
ways such as by individual discharger, by tributeugtershed, by source or land use category, by land
parcel, or other appropriate scale or dividing @sponsibility. A performance based allocation
approach, where a detailed strategy is articulatedthe application of BMPs, may also be appropiat
for nonpoint sources. Every effort should be madee as detailed as possible and also, to base all
conclusions on the best available scientific phites.

In cases where there is substantial uncertaintyardmg the linkage between the proposed allocations
and achievement of water quality standards, it In@yecessary to employ a phased or adaptive
management approach (e.g., establish a monitoriag  determine if the proposed allocations are, i
fact, leading to the desired water quality improeers).

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

I

This TMDL addresses the need to achieve reductionatrients to attain water quality
goals in Brewer Lake. The allocations in the TMiDtlude a “load allocation” attributed agricultutal
nonpoint sources, and an explicit margin of safdthiere are no known point source contributionthis
watershed. The source allocations for phosphariassigned to the critical loading cells in the
watershed. Critical cells are those with pastun@san close proximity to the lake, and croplaratsated
along along the Rush River and tributary inletsvilog to Brewer Lake. See the critical cells in g 16
of the TMDL for targeted areas for BMP implemeraati

9. Public Participation

Criterion Description — Public Participation

The fundamental requirement for public participatie that all stakeholders have an opportunity ¢o b
part of the process. Notifications or solicitat®for comments regarding the TMDL should clearly
identify the product as a TMDL and the fact thawilt be submitted to EPA for review. When thalfin
TMDL is submitted to EPA for review, a copy of tbenments received by the state should be also
submitted to EPA..

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

LI000

The TMDL includes a summary of the public partatipn process that has occurred. It
describes the opportunities the public had to kelired in the TMDL development process. Copies of
the draft TMDL were mailed to stakeholders in thetevshed during public comment. Also, the draft



TMDL was posted on NDoDH’s Water Quality Divisioretsite, and a public notice for comment was
published in three newspapers.

10. Monitoring Strategy

Criterion Description — Monitoring Strategy

TMDLs may have significant uncertainty associatél selection of appropriate numeric targets and
estimates of source loadings and assimilative cigypadn these cases, a phased TMDL approach may|be
necessary. For Phased TMDLs, it is EPA’s expamdiiat a monitoring plan will be included as a

component of the TMDL documents to articulate tkama by which the TMDL will be evaluated in the

field, and to provide supplemental data in the feitio address any uncertainties that may exist vihen
document is prepared.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravicelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

X000

Future monitoring is recommended in Section 10 TMDL to address margin of

safety and seasonality needs, as well as providiéi@uhl data to ensure that the goals of the TMib&
met.

11. Restoration Strategy

Criterion Description — Restoration Strategy

At a minimum, sufficient information should be pded in the TMDL document to demonstrate thatsf
TMDL were implemented, water quality standards wdé attained or maintained. Adding additional
detail regarding the proposed approach for the oestion of water quality is naturrently a regulatory
requirement, but is considered a value added compoof a TMDL document.

=

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

X000

The North Dakota Department of Health will worktlwthe local soil conservation district,
local volunteer groups and landowners to initig&taration projects in the watershed.
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Appendix G
Department Response to Comments



Department Response to Comments

During the 30 day public notice soliciting commant participation for the Brewer Lake
Nutrient and Dissolved Oxygen TMDL, the North Dak@epartment of Health received
comments from the US EPA (see Appendix E) and fgmoitt Elstad with the North Dakota
Game and Fish Department in the form of a handewibote stating he had “no comment.”.
Below are the comments provided by EPA and the rtieeats’ response.

Comment from US EPA: “Brewer Lake is listed as impaired for sedimeotasiltation in
addition to nutrients and dissolved oxygen. Howethee TMDL does not contain a target for
sediment, nor a justification that the lake is ingpaired by sediment nor a statement that the
sediment impairment will be addressed in a sepafaiiee document. The TMDL needs to
include an explanation of how the sedimentatiotatsdn impairment will be addressed.”

NDDoH Response Additional language has been added to SectibnClean Water Act

Section 303(d) Listing Information, stating thag thurpose of this TMDL report is for the
pollutants, nutrients and low dissolved oxygen trad the sediment listing will be addressed as
additional data become available.

Comment from US EPA: “The TMDL shows that pH data was collected invee Lake, but it
does not summarize or mention the pH results othenats meeting the applicable pH WQS. A
few sentences need to be added to the TMDL to suinenthe pH readings in the lake and
compare them with the pH WQS.”

NDDoH Response: The references to pH and Specific Conductandabie 5 have been
changed to reflect that these data are laborategsarements and not in situ readings in the
field. Table 6 has been changed to include assitzdl summary of the laboratory pH data and
narrative language added to Section 1.5.3, pH andéwit Data, describing these results. It
should be noted that the laboratory pH measuremmantged from 7.46 to 8.86 with a geometric
mean of 8.54 and that all pH measurements weranntile state water quality standard of 6 to 9.

Comment from US EPA: “Section 6.1, Margin of Safety (MOS), defines M8t does not
say what the MOS is for this TMDL. The MOS sectwithin the TMDL document needs to
include an explanation of how the uncertainty i@ TMDL loading calculations, and between
the pollutant loads and the water quality of reicgjwvaterbody. For an explicit MOS this could
simply include the numeric value, and perhaps thela brief sentence of why an explicit MOS
was chosen. For future TMDLs, EPA plans to worthveill of the Region 8 states to strengthen
the margin of safety in TMDLSs, to be able to motewaately account for the uncertainty in the
derivation of the TMDL loads.”

NDDoH Response: Additional language has been added to Sectiodé&stribing how the 10
percent explicit margin of safety that has beerddsethis TMDL was calculated and the values
used.



